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—Swa lowins, the Camel 


“I sent for you,’’ said the manager, as the chief engineer 
seated himself, ‘‘to inquire about this item on your expense ac- 
count—lunch, $1. | Now we want to pay all legitimate charges, 
Hubbard, but I cannot remember any event in the past month 
which I can connect with this. Just what was the occasion?” 


‘There wasn’t any occasion.”’ 


“What?” The manager’s face flushed. ‘Then what is the 
meaning of this item?” 


“IT suppose,” sighed the chief, “‘that I might as well confess, 
first as last, that I padded the account to that extent. I thought 
it might get by you.”’ 

The manager’s eyes bulged, his cheeks puffed. ‘“‘Hubbard I am surprised. Wh-wh- 
why—.”’ 


‘Just a moment, Mr. Brown,” broke in the chief with a gesture and a half smile that 
served to calm his majesty. ‘‘You shall know why. Only let me tell the tale in my own 
way. It may, at first, seem a roundabout way, but really it is not. I am going straight 
to the point. Now, our daily coal bill is about $600, isn’t it? And upon that sizeable 
expenditure there is not one check. The expense account before you covers a whole 
month, and is for only $6. And that small account is carefully audited. Now, don’t 
think I am criticizing that. I approve of it. It is the way todo. It is business. And 
you have just now discovered a leak, thereby. But do you suppose no leaks exist in the 
larger account? If I am careless or a grafter in a matter of six dollars, then you had better 
watch me closely when it comes to six hundred. But you don’t do it.” 


The manager slowly blew out a cloud of smoke. He foresaw the recital of an old 
story. But this time it seemed to be presented in a novel manner, and the boldness of 
the plot rather appealed to him. He already saw the point, but he would listen it out. 


“Six hundred dollars a day and not a check of any sort upon it. It isn’t business. 
It ought to be interesting to see just where that $600 goes. It might be instructive. 
Perhaps there is a pad in this account, too. What if $50 worth of CO is going up the 
chimney? Perhaps $25 goes to heat excess air. Another $25 may be lost in low-tem- 
perature feed. And soon. The total loss might be $150. No one knows anything about 
it. I would like to know. We ought to know. We ought to have means to know. We 
ought to have coal scales and a feed-water meter. Then we can check up our evaporation. 
And we shall find that losses exist. Our plant is not perfect. No one realizes that better 
than I. Leaks there are, and the leaks should be located. lor this we must have an Orsat 
and a CO, recorder, pyrometers and thermometers. 


‘“‘Now that it has served its purpose, let’s cancel that lunch charge. You caught me 
there. But if by indolence or mismanagement I were to lose $100 a day for you in the 
fireroom, you would be as wise to it as a new-born babe.”’ 

“Say, Hubbard, you scamp,”’ the manager interrupted, "just make out requisitions 
for what you need, and I will see what I can do.” 

“T brought them with me,” answered the chief, as he laid the papers on the desk. 
“T think I have included everything.”’ 

“T'll trust you for that,’’ laughed the boss. ‘‘But I suppose I will have to check you 
up on it.” 


Contributed by WILLIAM E. DIXON, Livermore Falls, Me 
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Small Centrifugal Blower of 








SY NOPSIS—A turbine and blower that ran at 
60,000 r.p.m. with a blade speed for the turbine 
of 1,840 ft. per sec. and 2,100 ft. tip speed for 
the blower rotor. With a single row of turbine 
blades 814 in. diameter the turbine developed 
400 hp. and the blower with a single rotor 8 in. 
in diameter delivered 1,360 cu.ft. of free air 
per minute against a pressure of 24 1b. The pull 
of one of the fan blades due to centrifugal force 
was over a ton. 





Centrifugal blowers have generally been thought of as 
machines for handing large volumes of air against small 
pressures, until recently; in fact, 16 to 20 oz. was con- 
sidered about the limit of pressure that could be created 
by a centrifugal type of machine. The following notes 
and illustrations of a blower developed by the Westing- 
house Machine Co. will therefore be of interest. ‘The 
writer believes this blower to have created the highest 
pressure ever obtained from a single-stage blower. 

As the speed selected for the blower was 43,500 r.p.m. 
at normal pressure and it was desired to extend the tests 
to 60,000 r.p.m., it was necessary to design also a small 
turbine for driving the blower, as there is no means of 
transmitting the 350 to 400 hp. required to drive it to a 
shaft running at these speeds. For the sake of cheap- 
ness it was decided to make the turbine a simple impulse 
wheel with one row of moving blades, this being sufficient 
to abstract practically all, the energy in the steam, as 
the blade speed was designed to be from 1,330 ft. per 
sec. at normal to 1,840 at the highest. 

These very high speeds made it necessary to form the 
blades integral with the wheel, since the centrifugal 
forces become so great that no known method of blade 
attachment would suffice. Furthermore, it was found 
desirable to form the shaft in one piece with the disk 
as, of course, at these speeds it becomes impossible to 
design one with a hub that would have the required 
strength, and the shaft attachment to a solid disk be- 
comes difficult as it increases the weight and length 
between the bearings and introduces a place where weak- 
faulty workmanship and 
the 


ness may develop because of 
cause difficulties with the balance and running of 
machine. 

The same considerations in regard to design applied 
to the blower rotor, which was also constructed from 
one forging, the blades being formed by milling out the 
material between them. A designed tip speed of 1,520 
ft. per sec. at normal speed and a maximum speed of 
2,100 ft. per sec. of the blower rotor necessitated the 
use of high-grade forgings for both the turbine and 
blower rotors. 

In ordering the material it was required that two test 
specimens be cut from each forging—one to be taken 
from the end of the shaft and the “other from a piece 
cut out at right angles to the radius of the disk and 
midway between the center and the circumference. The 
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material employed was a heat-treated chrome-vanadium- 
nickel steel, the elastic limit of which was specified to 
be not less than 110,000 lb. per sq.in., and the ultimate 
tensile strength not less than 145,000 Ib. per sq.in. with 
a reduction in area of not less than 20 per cent. in 2 in. 
The test pieces cut from the forgings showed about 105,- 
000 Ib. per sq.in. elastic limit, but the elongation was 
a little higher than asked for, so they were accepted, as 
a good elongation is highly important, since it is the 
ability of the material to stretch which permits the 
construction of unsymmetrical rotors; without stretching 
of the metal, the elastic limit would be exceeded in many 
places and rupture would result. 

In addition to using the best steel obtainable, the high 
speeds involved required the greatest care in the design 


























FIG. 1. SECTIONAL VIEW THROUGH TURBINE 

f the rotors, and the centrifugal forces and the result- 
ing stresses were carefully calculated, as the speeds that 
were contemplated were far beyond any that had _pre- 
viously been considered posssible. 

As an example of the enormous forces resulting at 
these high speeds, it may be of interest to note that the 
pull on one of ~~ blades of the blower rotor, which 
were only about ;'g in. thick by an average of 14 in. wide 
and 2 in. long, amounted to a little over a ton, though the 
actual weight of one blade is about 1/,, lb. 

An examination of the turbine blades (Fig. 1), shows 
that they are not a good section so far as turbine economy 
is concerned. This was not serious, as this turbine was 
not intended to be very economical. At such high blade 
speeds compared to the steam speed the section of the 
blades is not of such importance, since then the relative 
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velocities are low and the losses other than those in the 
blades and nozzles are small compared to the output, 
thus permitting a fair economy to be obtained in spite 
of rather large blade losses. 

The reason for the poor blade shape is that as only 
one of these turbines was built and it was necessary to 
form the blades integral with the turbine wheel, it 
would have been expensive to have a profiling machine 
to cut out the desired blade sections. 

To obviate this difficulty, a simple way of forming 
the blades was devised. This consisted in drilling small 
radial holes in the rim of the turbine rotor with a 
round-nosed drill, the number of holes corresponding to 
the number of blades on the circumference, and the 
depth was made equal to the height of the blades. 
After these holes had been drilled, they were reamed 
out with tapered reamers, thus making the space be- 
tween them less at the circumference than at the bottom 
of the holes and giving a decreasing section from base to 
tip as desired in the finished blades. 

The rotor was then put in a milling machine and a 
narrow slot cut into each from both sides of the 
wheel, the slots being cut in at the desired blade angles 
and tangent to the inside surface of the holes. A second 
milling cut was then taken at a smaller angle so as to 
form the back of the blades and sharpen the edges ex- 
posed to the incoming steam. These operations. did not 
leave exactly the desired section on the back of the 
blades, but this was easily remedied by doubling some 
coarse emery cloth and pulling it over the backs of the 
blades until the desired section was obtained. 


hole 


As even scratches are to be avoided on disks running 
at such high speeds, it was not permissible to drill holes 














FIG. 2. 


CROSS-SECTION THROUGH BLOWER 

for balancing. A balance was obtained by polishing the 
backs of the blades on the heavy side with emery cloth, 
being careful to distribute the polishing so as not to 
take too much stock from any one blade. The blower 
rotor was balanced in the same way, except that a little 
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stock was also removed from the central disk between the 
blades, but this was done very carefully so as to dis- 
tribute any thinning that might occur and not cause any 
sudden changes in the stresses in the disk. It may he 
remarked that the stresses were calculated not to exceed 




















FIG. 3. ROTOR OF BLOWER 

10,000 to 45,000 Ib. per sq.in. at the highest speed, thus 
allowing a factor of safety of over two on the elastic 
limit at the maximum speed. 

Longitudinal cross-sections of the assembled turbine 
and blower are shown in Figs. 1 and 2. The tip diameter 
of the blower rotor is 8 in. and the tip diameter of the 
turbine The bearings of both the 
turbine and blower are 1% in. diameter by 2 in. long and 


rotor is Sly in. 


are of the sleeve type in which the shaft revolves in an 


inner tube that is carried in a number of other tubes, 
each of which is a couple of thousandths larger than the 
tube within it. The space within the tubes is filled with 
oil, which acts as a cushion to deaden any vibration and 
permits the shaft to revolve about its center of mass 
instead of its geometrical center. This avoids excessive 
pressures on the bearings, since at high speeds a body 
revolves about its center of mass and not about its 
geometrical center, and if the two do not coincide, very 
heavy loads may be put on the bearings, causing them 
to be overheated and burnt out. 

The the hearings was well 
shown when, owing to an accident, nearly half of the 
blades were lost off the blower rotor, the accident not 


being disclosed by 


effectiveness of “sleeve” 


extra vibration or noise, but 
simply by the drop in efficiency of the blower and a 
tendency of the blower bearings to run hot. 

Referring to the drawing of the turbine (lig. 1), the 
steam enters through the 4-in. inlet A and 
the nozzles where it is expanded and is discharged 
against the blades C of the turbine rotor. after which it 
passes into the 18-in. exhaust. 


aiy 


passes to 


The place where the shaft passes through the casing 
is provided with sealing glands ) of the simple labyrinth 
type, because at such high speeds rubbing glands of 


any form are not suitable and just for experimental 
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purposes it was not considered to obtain 
absolute air-tightness. Moreover, the diameter of the 
shaft at the glands is only 5g in., and with the small 
axial clearances allowed, a labyrinth packing with six 
throttlings will be practically air-tight. At any rate the 
small leakage was not serious, and no difficulty was ex- 
perienced in maintaining 2814 in. of vacuum, which was 
all that was desired. 


necessary 


Where the shaft enters the bearing housing, oil guards 
are provided, and oil slingers are fitted on the shaft to 
prevent the escape of oil along the shaft and permit 
oil and vapor to be drawn into the turbine glands and 
find its way to the condenser. 

Details of the main bearings can-be seen in Fig. 1. 
To take any end thrust that the turbine might have, a 
small two-collar thrust bearing was put on the outboard 
side of the main bearings. It is made in halves, /’ and 
G, the upper half taking the thrust to the right and 
the lower taking the thrust to the left. In order that 
there would be no danger of binding by tightening up 
the separate pieces too much, and still have the etfect 
of no clearance so as to prevent end play, the lower half 
is adjustable by means of the screw // and the upper 
half is held against the collars by the spring J and the 
spring-adjusting nut /. ; 

While it is said that an impulse wheel has no end 
thrust, this is true under certain conditions, but not in all 
cases, the thrust being in one direction under some con- 
ditions and in the opposite direction under others. 

In the turbine under discussion, at very light loads 
the thrust not serious and was toward the thrust 
bearing, and the thrust in this direction increased as the 
Ilowever, it was found that the thrust 
became too great as the load was increased, causing the 
spring J to be compressed and letting the rotor move 
axially, resulting in a rub at the glands. 

As the end thrust was obviously caused by the steam 
issuing from the nozzles, causing an injector action 


Was 


load increased, 


where it entered the blades and thus forming a higher 
vacuum in_ the 
space A than ex- 
isted in the exhaust, 
a 114-in. pipe con- 
nection was made 
from the k 
to the exhaust pipe. 
The turbine was 
tried again, and in 
order to 
whether there 
still an end thrust, 
the adjusting screw 
I was backed off until only a slight pressure was exerted 
on the upper half of the thrust bearing. It was then 
found that as the load was increased the rotor was 
still forced to the right, but when the screw was tightened 
the rotor no longer exerted suflicient thrust to compress 
the spring. Thus it was evident that while the 114-in. 
pipe to the exhaust was sufficient to decrease the difference 
of pressure on the wheel so that the thrust was no longer 
serious, still the injector action of the nozzles was suffi- 
cient to‘maintain considerable difference in pressure even 
with a free flow through a 114-in. pipe. This difference 
in pressure became greater as the-speed of the turbine was 
increased to a high rate. 
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Unfortunately, the trouble with end thrust was not 
all cured, as was found later with the results shown in 
the accompanying picture of the blower rotor (Fig. 3). 
which will be referred to later. 

After having removed the thrust to the right and 
having been assured that at least up to 20,000 > r.p.in. 
no serious thrust was developed, it was thought that all 
the thrust trouble had been eliminated. 
the case, for as was afterward learned, at about 25,000 


This was not 
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HIGH-SPEED BLOWER 

rp.m., when the pressure drop through the turbine 
nozzles exceeded that through which they could com- 
pletely expand the steam, the direction of the thrust 
suddenly changed from right to left and then increased 
very rapidly with the increase in load and the corre- 
sponding increase in steam pressure required, 

It should be mentioned here that it was impossible 
to obtain sufficient at the outlet of the nozzles. 
though they occupied the entire circumference, since the 
pitch diameter of 7 in. with a nozzle width of 1 in. 
gives only about 21 sq.in. of projected outlet area, which 
is not sulficient for completely expanding the steam re- 
quired to develop 350 to 400 hp. 


area 


The oil for all the bearings was supplied under pres- 
sure from an overhead tank located about ten feet above 
the bearings, and the oil return was led to a small pump 
which returned the oil to the tank. 

The oil which was fed to the bearings through the 
openings L and JM in the lower half of the bearing 
housings was led to the top of the bearings and entered 
at the point of minimum pressure, there being no holes 
in the bottom of the bearings; and no grooves were cut 
in them, as these would only permit the escape of the 
oil and cause the destruction of the bearings. Separate 
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inlets were provided for the thrust bearings to insure 
an ample supply of oil. 

As the turbine was made only for experimental pur- 
poses, no governor was provided. Since the load on a 
blower increases as the cube of the revolutions per 
minute, the speed is easily controlled by a hand throttle, 
the only danger in this being the breaking of the shaft. 
However, as the stresses in the shaft did not exceed 
20,000 lb. per sq.in., the danger from this source was 
remote; besides, in experimental work there is always a 
man at the throttle. 

Referring to the blower (Fig. 2), the air 
through the inlets V, which are made of the “snail” form 
with a whirl chamber so as to direct the incoming air in 
The proportions are such that 


enters 


the direction of rotation. 
the air has the same velocity as the inside edges of the 
blades, thus permitting it to enter the blades without 
shock, and tangentially instead of at an obtuse angle, as 
it would were the inlet not so formed. 


PaTH OF THE AIR 


From the inlets the air enters the blades of the rotor 
and is there partly compressed and is finally discharged 
into the whirl chamber O where the velocity is gradually 
reduced to less than half that with which it leaves the 
tips of the blades. The loss of kinetic energy reappears 
in the increase in pressure that occurs in the whirl 
chamber. Over half of the total increase in pressure 
occurs in the whirl chamber, the efficiency of which, at 
the designed capacity, reaches over 90 per cent. of the 
theoretical. 

After leaving the whirl chamber, the air is discharged 
into the collecting passage P which is of the “snail” form 
having a gradually increasing area, the latter increasing 
directly as the volume of air discharged into it, thus 
keeping the velocity constant. 

The whirl chamber has no guide 
nozzles, the velocity conversion being accomplished by a 
free vortex, the efficiency of which exceeds that obtain- 
able by the most perfect guide vanes. Moreover, this 
has the advantage of a high efficiency at all discharge rates, 
whereas the diffusion tubes or guide vanes have a good 
efficiency only at their designed capacity, for at all 
other capacities the blade angles are incorrect as well as 
the areas. Furthermore, guide vanes are noisy and, at 
the speeds at which this blower was operated, would have 
been prohibitive. 

The side plates Q were of brass with copper coils 
cast in them through which water was to be circulated, 
entering through the pipes R and leaving through S, 
thus having the coldest water exposed to the coldest air. 

At first glance the cooling area exposed to the air 
does not appear large, but it must be remembered that 
with air velocities of 1,500 to 2,000 ft. per sec. on the 
outside and a water velocity of 30 to 50 ft. per sec. 
through the tubes, an extremely high rate of heat transfer 
per square foot of air surface per degree per hour can be 
obtained, so that quite effective cooling was to be ex- 
pected. At least it would have accomplished its real 
object, which was to prevent too great a rise of temper- 
ature when the discharge is entirely closed, and the 
further object of increasing the pressure, which can be 
maintained when the discharge is totally closed or open 
only a small amount, thus increasing the slope of the 
pressure characteristics. 


vanes or reversed 
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Owing to the castings for the side rings being de- 
fective, the water cooling was not used, and no data on 
the rate of heat transfer were obtained, the tests being 
run with the defective castings, as it was intended to 
run them without cooling first and then repeat them with 
cooling as soon as perfect castings were obtained. 

One of the most serious problems in the design of this 
blower set was that of getting a suitable coupling for 
transmitting 400 hp. at 60,000 rpm. As the surface 
speed of the 14 in. diameter bearings is 100 ft. per sec, 
at 60,000 r.p.m., no form of coupling that would require 
an increase in the diameter of the shaft could be used. 
as the sleeve bearings employed have to be slipped on 
to the shaft. Any form of attached coupling seemed 
undesirable, as the -attachment generally weakened the 
shaft end too much. 
sleeve-type coupling was employed, the squares being 
made %¢ in. with 6-in. space between them. | 

The long space between the squares made the coupling 
comparatively flexible, though the fit on the squares Was 
kept down to less than */,59, in. It tool 
steel oil-tempered. 

This coupling was entirely satisfactory, though it did 
not permit free end motion under load, as was hoped 
but not expected, since the pressure on the edges of the 


For these reasons the old square 


was made of 
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FIG. 6. PRESSURE CURVE AT 


8,000 R.P.M. 


CONSTANT SPEED OF 


squares amounted to several thousand pounds and 
gripped almost like a solid piece of shafting when under 
load. It was the failure of the coupling to slip which 
caused the destruction of the blower rotor, for when a 
heavy end thrust toward the blower was developed in the 
turbine and the turbine thrust bearing burned out, the 
turbine rotor simply pushed the blower rotor over and 
the spring holding the upper half of the blower thrust 
bearing was compressed, thus permitting the blower rotor 
to come into contact with the side plate, with the result 
shown in Fig. 3. 

In connection with the damaging of the blower rotor 
it milled out 35 to 34; in. from the side plate, and the 
end pressure on it was such that the burr turned up 
on the edges of the remaining blades was on tle forward 
side as well as on the back. 

An interesting point about this failure i 
the men on test noticed anything wrong with the blower 
and the only evidence that anything had happened was 
a little smoke coming from the turbine thrust bearing. 
The machine was shut down and examined, the thrust 
bearing removed, scraped and put back, after which the 


that none of 
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machine was run for three days without anyone suspect- 
ing that anything had happened to the blower. 

[t was only because of the drop in efficiency that it 
was decided that something must be wrong with the 
blower, and it was opened up. 

The turbine rotor was not injured in the accident, 
and the only damage done was, the glands and oil guards 
of both the turbine and blower were worn away, increas- 
ing the axial clearances, and the collars on the shaft were 
“blued” by the heat developed by the rubbing. Aside 
from an increase in the leakage of the glands, which 
would not have been serious, all the parts except the 
blower rotor and the damaged side plate could be used 
again. 

In ordering the new parts for the blower, new thrust 
bearings were designed of the Kingsbury type, which 
would have had ample area to take care of any thrust 
that mieht be developed, thus eliminating the only 
trouble that was found. Unfortunately, owing to the 
death of Mr. Westinghouse, all experimental orders 
were closed, and this prevented the completion of the 
experiments, though the new blower rotor and other parts 
were alinost finished. 


ARRANGEMENTS FOR TESTING 

The arrangements for testing this blower unit are 
shown in Fig. 4. A rounded inlet cone with a throat 
accurately finished and polished to 6 in. diameter was 
fitted to the inlet, and a differential draft gage was con- 
nected to a pressure chamber around the throat, four 
small holes drilled at right angles to the axis of the inlet 
communicating with the pressure chamber and the throat 
of the nozzle. A thermometer was suspended in front 
of the inlet to obtain the temperature of the entering 
air. A second thermometer was placed in the discharge 
of the blower, and at the same point as indicated in the 
diagram the pressure was observed by means of a mercury 
column for the lower pressures and a calibrated test gage 
for the higher pressures. 

Just beyond the thermometer and gage connections 
at the outlet, a gate valve was placed to throttle the dis- 
charge as desired. An elbow was located just beyond 
the gate valve, and a piece of pipe was attached to carry 
the discharge well above the heads of the testers. On 
the end of the pipe a nozzle was fitted, 
rounded and polished to a 2%-in. diameter throat. 


second well 


A gage connection was made about 6 in. below the 
nozzle for obtaining the pressure, this second nozzle 


being used as a check 
be mentioned that the 


on the inlet nozzle, and it may 
volume calculated from the two 
nozzles agreed within less than 2 per cent., a nozzle 
coeflicient of 99 being used for the inlet nozzle and a 
coefficient of 97.5 for the discharge nozzle. 

The table shows a few readings taken before the rotor 
was damaged, the efficiencies being those caleulated from 
the increase in temperature of the air in passing through 
the blower. The thermometer in the discharge, it may be 
noted, was inserted directly in the air instead of by 
i thermometer well as is usual, since readings taken 
with the thermometer inserted in a well are always too 
low in air because of the radiation from 
the pipe and the comparatively small heat capacity of air. 

The approximate pressure that can be created by any 
blower of similar design to that here referred to can be 
obtained from the curve shown in Fig. 5, provided that 


the case of 
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the atmospheric pressure is approximately 29 in. of 
mercury and the temperature of the air at 
is not very different from that assumed in 
the curve; namely, 70 deg. F. 

If the atmospheric pressure is higher than 


the intake 
calculating 


29 in., the 
tip speed required to give a stated pressure will be lower, 
and if the atmospheric. pressure is lower, the tip speed 
for a given pressure must be higher. Likewise, if the 
temperature of the entering air is higher than 70 deg. F., 
the required tip speed is higher, and if the temperature 
is less, the tip speed required to maintain a given pres- 
sure will be less. This curve can be checked by the 
blower tests given, and it will be found that with the 
slight corrections for barometer and temperature the test 
results agree with the curve. 

The speeds up to 10,000 r.p.m. were taken by a tach- 
ometer and carefully checked by means of an ordinary 
revolution counter, and between 10,000 and 20,000 rp.m. 
the speed was taken by a tachometer belted to the 
extension of the blower shaft, the belted tachometer being 
calibrated up to 10,000 r.p.m. of the turbine shaft by 
taking the speed of the latter with a revolution counter 
and the calibrated direct-reading tachometer. Beyond 
20,000 rpm. the speed was calculated from the pressure 
created by the and the writer believes that, 
barring an accident to the rotor, as in the present 
machine, for these very high speeds the calculated speed 
is probably at least as accurate as the observed speed, 
when the correct formula is used. The speeds in the 
table are therefore calculated for everything over 20,- 
O00 r.p.m. | : 


blower, 


RESULTS SHOWN BY THE TESTS 


POR os Fikes 60 os wks 28.88 acts wince wduee 
Steam-chest pressure .... .... 10 20 30 88 
Air-discharge pressure... 4.5* 9.1° 14.25% 18.5*% 24 Ib. 


Temperature of discharged 
ON Me Bis cs ka ahs sd: 5 94 122 153 78 348 


Revolutions per minute..12,600 16,800 21,000 , 32,000 
VROCOUER 66 bk bs Ke chen ewnae ‘ 26 in. 26 26.5 26 
Vacuum at blower nozzle 

throat, in. WOter....... 2. 0.66 1.22 1.78 2.09 3.00 
Adiabatic efficiency, per 

IS nancies Dataten aaa ee 64 68 67.5 66 66.8 
Cubic feet of free air per 

minute discharged .... 633 860 1,040 1,130 1,360 
Temperature of air at inlet 

mogsie, Gem. FP... 2.6.25. 59 59 58 56 78 


*These pressures are in inches of mercury. 


It was just after increasing the speed following the 
run at 24 lb. per sq.in. that the turbine thrust bearing 
was burned out and the machine had to be shut down. 
After the turbine had reassembled, the highest 
pressure reached before the thrust was again burned out 


been 
was 23.5 Ib. per sq.in., and while this corresponded to 
a higher steam inlet pressure, it was evident that the 
thrust was too great for the bearings. The highest effi- 
ciency obtained after the accident was about 56 or 5% 
per cent. 

The characteristic curve of this blower is shown in 
Fig. 6, in which it will be seen that for a large variation 
of the capacity the pressure remains practically constant 
and then falls off with a further increase in the delivery. 
There is a slight increase in pressure from no load for 
a small range of capacity, as was expected without the 
water cooling, because the sides of the whirl chamber 
were given an outward taper to increase the area through 
it, which has the effect of making a slightly increasing 
pressure characteristic, which can, however, be overcome 
by the use of water jackets around the rotor and whirl 
chamber. Water cooling the outside casing would not 
have this effect. 
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The most remarkable feature about the performance 
of this blower was its action with the discharge entirely 
shut off and with the discharge open only a small amount. 
At no discharge there was upsetting. as was to be ex- 
pected, as this is of course unavoidable in any blower, 
but the surprising thing was the slight pressure variation 
that occurred and the further fact that opening the 
discharge ever so little caused it to decrease to such an 
extent as to be hardly noticeable. At 2 per cent. of 
the rating of the blower all traces of upsetting dis- 
appeared, and with the water cooling all signs of up- 
setting would doubtless have ceased at less than 1 per 
vent. of the rating. This is one result that could never 
have been obtained in a blower fitted with guide vanes. 

In looking over the test results, it should be borne 
in mind that this blower was designed to have a capac- 
ity of only 1,500 cu.ft. per min. against a pressure of 
50 lb. per sq.in. in the discharge, but in spite of that 
fact gave an efficiency of 67 or 68 per cent. without water 
cooling, which is as high as has been obtained on many 
multiple-stage water-jacketed blowers with coolers be- 
tween the stages and of 25,000 to 55,000 cu.ft. per min. 
capacity. This is certainly a remarkable justification 
of the single-stage blower for high pressures. 

From the test data presented, it will be seen that the 
designed pressure of 50 Ib. per sq.in. at 43,500 rp.m. 
and 1,500 cu.ft. per min. capacity would have easily 
heen attained had the thrust bearing 
caused the destruction of the blower 


"8 


es 


Water-Pump Packing Worn 
By KE. 
If a motor-driven reciprocating water pump be started 
with the discharge valve closed and the piston and gland 
packings happen to be in first-class condition, the pump 
cylinder is liable to be cracked as a result of the abnormal 
pressures so suddenly imposed. Water practically is 
incompressible, and any force that is exerted to compress 
it is at once transmitted to the container; and in the 
case of the motor-driven compressor, destructive strains 
may result before a circuit-breaker or a fuse in the motor 
circuit can respond to the overload or, should the pump be 
belt-driven, before the slipping of the belt can relieve the 
situation. Under the special condition of the piston 
needing repacking very badly, however, nothing serious 
or even annoying may occur, because the water is then 
forced through the clearance between the piston and the 
cylinder walls. That this clearance may be sufficient to 
enable the motor to operate the compressor with the dis- 
charge valve closed and without harmful results is shown 
by the following: 
The amount of water delivered by a motor-driven com- 


not burned out and 
rotor. 


C, PARHAM 


pressor to the tank of a sprinkler system and house sup- 
As the 
motor had been rewound recently, it was thought to be 
responsible for a part of the falling off in delivery, al- 
though worn packing was suspected as the major cause. 

During a test made to ascertain exactly what the motor 
was doing, the suspicion of leaky piston packing was 
confirmed in a very unexpected manner. ‘The measuring 
of the water delivered to a barrel during an interval of 
two minutes had just been completed when it was 
noticed that the ammeter deflection increased about 30 
per cent. and at the same time the motor belt was heard 


ply had gradually been decreasing for some time. 
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to squeak, On looking around it was observed that the 
valve to the measuring hose had been closed without 
opening the valve to the tank, so that the compressor was 
working without an outlet. If there had been any doubt 
as to whether the piston needed repacking, this removed it. 


it 


Rotor-Bar Insulation 


The question of insulating the rotor bars of a 
squirrel-cage induction motor is one that has been given 
considerable discussion, especially since several of the 
manufacturers are building motors of this type without 
any insulation on the rotor conductors. The method of 
construction is to make the bar and the slot about the 
same size, which means that the bar must be forced into 
the slot under pressure. Considerable argument has been 
given against this practice. 

Not infrequently is it claimed that on rotors with in- 
sulated bars slow speed has been experienced when the 
this 
trouble was remedied by re-insulating the rotor winding. 

Careful tests have been run on induction motors, both 
with insulated and uninsulated rotor conductors, and in 
comparing these tests it was impossible to identify the 
rotors by the test results. 


conductors became ground to the core, and that 


Therefore it would seem that 
there is nothing gained by insulating. the rotor bars, 
On the other hand, if there was a slight difference in 
favor of the machine with the insulated bars, this would 
he offset by the greater mechanical stability of the unin- 
sulated construction, 

The insulation on the bars in many cases becomes burnt, 
allowing them to work loose and vibrate, causing noisy 
operation of the machine. This vibration eventually 
causes loose joints between the bars and end rings, and 
loose joints mean high resistance in the rotor circuit. 
Here is the reason why the rotor speed was corrected by 
what appeared to be the re-insulating of the bars. The 
higher the rotor resistance the greater is the decrease in 
speed from no load to full load. If the joints between 
the rotor bars and end rings work loose, the resistance 
This causes a greater increase 
in the rotor temperature, which further increases the re- 
sistance of the conductors, which results in a 
When the rotor is 
insulation on the bars that remedies the trouble, but re- 


of the joints increases. 


reduction 
in speed. re-insulated it is not the 
storing the joints between the end rings and = bars to 
normal condition. In reassembling the rotor one of the 
most likely things for a good workman to do would be 
to carefully clean and tighten the joints in the rotor 
copper structure and thus remedy the cause of the trouble. 

Many of the modern induction motors are constructed 
with end rings welded to the bars, or cast on, as the case 
itself to in 
sulating the bars, both on account of the high temperature 


nay be. Such construction does not lend 
used to put the end rings on and also the difficulty that 
would be experienced should it become necessary to re 
insulate the rotor. Machines with welded or cast-on end 
rings and no rotor insulations are immune from all 
troubles due to loose bars and poor contact between the 
bars and the end rings. 


just as much 


valve. And an automatic 


An Automatic Stop Valwe is 
safety device for a boiler as a sufety 
valve doesn’t cost over 5 per cent. more than a: 
valve of like size. Then considered as safety 
investment in a good automatic valve for each boiler is about 
as much for the money as could be had in most atiy other way. 


necessary 


ordinary stop 
nsuraunce, the 
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By H. M. PuHIiirs 





SYNOPSIS—A_ discussion of the fundamental 
principles of the induction generator, its applica- 
tions and limitations. The author points out that 
although this machine is very rugged in its con- 
struction it has never been used to any great extent 
because it must always operate in parallel with a 
synchronous alternator. 





The ordinary squirrel-cage induction motor is so seldom 
used as a generator that many engineers fail to realize 
that there are some cases where it can be so used to 
decided advantage. 

The facts that a generator of this type cannot be made 
self-exciting and that an alternator (which must have 
a direct-current exciter) is necessary to furnish the excit- 
ing current are enough to prohibit its use in the great 
majority of cases. Furthermore, it is likely to be slightly 
less efficient than an ordinary alternating-current gen- 
erator and supplies current at somewhat less than unity 
power factor; in most cases neither of these deficiencies 
ix of serious consequence. On the other hand, we have 
the characteristics of a squirrel-cage motor—namely, sim 
plicity and a gratifying ability to take care of itself, 


CUARACTERISTICS OF AN INDUCTION MovToR 


If the rotor of an induction motor is prevented from 
turning and the stator is connected to a source of alternat 
ing current, there will be induced in the rotor conductors 
a current of the same frequency and voltage as that in the 
stator winding, but opposite in direction to that in the 
stator. In other words, the condition is that of a trans 
former, the stator winding corresponding to the primary 
and the rotor to the secondary winding. The current in 
the secondary being opposite to that in the primary, will 
If the 
rotor is allowed to revolve, it will run up to almost syn- 


have a tendency to decrease the magnetic flux, 


chronous speed; and the frequency and voltage in- the 
rotor will have decreased to very nearly ZETO, hecoming 
zero at synchronous speed. Tf power is applied to the 
rotor and it is driven above synchronous speed, the rotor 
conductors will then be cutting the lines of force in an 
opposite direction; consequently, the rotor current will 
reverse and instead of being ina direction to oppose the 
magnetism set up by the stator current it will be assisting 
and cause an increase in the flux density. Under normal 
conditions the counter electromotive force in the stator 
winding is almost equal to the applied voltage. There 
fore, if the rotor current is reversed and the flux increased, 
the counter electromotive force will become greater than 
ihe applied electromotive force, causing the machine toe 
become a generator and supply current to the line. When 
operated as such, it is called an induction generator, 

A notable induction-generator installation is that of a 
large central station where the main generators are driven 

reciprocating engines, T'o increase the capacity and 
t the same time increase the efficiency of the plant. indue- 
tion generators of the same capacity as the main generators 
were installed and driven by low-pressure turbines, taking 
the exhaust steam from the reciprocating engine. This 
uuaide it possible to double the capacity of the plant. 


The load carried by an induction generator will be in 
proportion to the amount that its speed exceeds synchron- 
ism. On an average it may be assumed that full load will 
be carried at 3 per cent. above synchronous speed, in 
which case a 50 per cent. overload would be carried at 4.5 
per cent. above synchronous speed. Other applications 
of the induction generator are given in the following: 

A small water power is available that has not capacity 
enough to supply the entire demand of the system. 
Install an induction generator capable of carrying all the 
load that can be developed by the waterwheel and connect 
the machine in on the system with the waterwheel gov- 
ernor set at about 5 per cent. above the synchronous speed 
of the generator. All the power that the wheel can furnish 
will then be utilized, and the installations will require 
practically no attention. When power is cut off at the 
main plant, the machine ceases to act as a generator and 
drops its load, to pick it up again as soon as the line is 
excited from the main plant. The line from the water 
power need not be carried back to the main power house 
it can be connected in at any point on the system, 

The electrical part of the system should require inspec 
“ion not more than once a week, going entirely unat- 
Whether or not 
the water power would require more frequent visits would 


tended for the remainder of the time. 


depend upon the apparatus used and upon local condi- 
tions. It might even be possible to operate the waterwheel 
without a governor, if a safe speed is not exceeded when 
power is thrown off the line. Machines of this type are 
generally capable of standing a material increase in speed, 
and the rotor may be designed to meet such an emergency 
if necessary. In this instance it would probably be advis- 
able to bring the waterwheel back to normal speed before 
throwing current on the system. 


Loap oN EXuAustT-StTeAM TURBINES 


A somewhat similar case occurs when it is desired to 
A steam 
turbine capable of furnishing exhaust steam at the re- 


utilize low-pressure steam for heating purposes. 


quired pressure and in sufficient quantity may be connect- 
ed to an induction generator that can carry the maximum 
output of the turbine, 
governor, install a reducing valve, with the pressure con- 


In place of the ordinary turbine 


nection to its regulating mechanism taken from the 
turbine exhaust. This system is especially desirable when, 
on account of distance or any other reason, it is not 


feasible to obtain the required steam from the main power 


plant. The emergency YOVErTHOF On the turbine should 
remain in service; and the regular governor set at 5 per 
eent. above svi hronous speed may be retained to advan- 


tage, as it will enable current to be thrown on without 
any adjustments after a temporary failure of power from 
the main plant. Tt may be mentioned that team is 
entirely cut off from the turbine through failure to utilize 
the exhaust or any other cause, the generator | continue 
to drive it at practically full speed, which imay be bad for 
the turbine and should be guarded against i! necessary. 
The same system offers excellent opportunities for the 
use of exhaust-steam turbines in various parts of a plant 
from which it is impractical to return the exhaust to the 


main power plant. 
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A reciprocating engine driving a lineshaft or other 
apparatus is of course very inefficient on light loads. 
Perhaps it is compelled to run on light loads a large 
percentage of the time and is subject to occasional over- 
loads that it is unable to carry. There is little doubt that 
such cases require a radical change in the power system ; 
but if alternating current is available from another source, 
the induction motor may be a quick means of obtaining 
temporary relief on the overloads and an improvement in 
efficiency. The induction motor may be belted to the 
lineshaft or connected in the most convenient manner. If 
the engine governor is adjusted to drive the motor at 
svnchronous speed while operating at its usual load, the 
motor will be practically inactive until the overload 
comes; then a slight slackening of the engine speed will 
cause the motor to help out in the time of need. Increase 
the speed of the engine slightly and the motor will act as 
a generator during the periods when the original load 
is low and be equally efficient as a helper on overloads, 
with a decided improvement in the efficiency of the entire 
plant. 

If the outside power for the last-mentioned installation 
were obtained from a power company at meter rates, it 
might be found that although the power company carried 
the peak loads it received more power, from the motor 
acting as generator, than it delivered and was therefore 
in debt to the isolated plant. It is feared that it would 
be diffieult to find a power company that would pay such 
indebtedness or agree to furnish power without a substan- 
tial cash return. 

In using the belted motor as a generator the subject of 
belt slip is of unusual importance. A belt may have a 
slip of 4 per cent. without giving any marked evidence 
of the fact. Suppose such a belt is driving the motor at 
2 per cent. above its rated speed, which would cause it to 
act as a generator delivering about two-thirds of its rated 
horsepower. By tightening the belt or by the application 
of dressing, the belt slip may be reduced to 2 per cent. 
This will bring the motor up to 4 per cent. above rated 
speed and double its output as a generator, causing it to 
carry an overload of about one-third its rated capacity. 

Although it would be theoretically possible to obtain 
any of the foregoing results with an induction generator, 
in many cases the complications in doing so, or the 
amount of the engineer’s time required for the neces- 
sary supervision and adjustments, would make the idea 
impracticable. 

Cause of Fuses Blowing 


It is not an uncommon idea that the voltage and not the 
current causes a fuse to blow, that a fuse of larger cross- 
section is required for a 220-volt circuit than for a 110-volt 
circuit. The heating of an electric circuit is caused by the 
current that flows through it and not by the voltage im- 
pressed upon it. What causes a fuse to blow is excessive 
heating produced by a greater current than that which it 
was intended to carry. The heating in any circuit is pro- 
portional to the watts (I?R) expended in the circuit and 
varies as the square of the current. That is, if the 
value of the current flowing in a given circuit is doubled 


the temperature is not increased in the same ratio, but. 


by the square of 2, or 4 times. 
Fuses in most cases are made of an alloy composed of 
tin, lead and bismuth and are designed so that they will 
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carry a current indefinitely 10 per cent. in excess of that 
which they are intended for. At a current 25 per cent. 
greater than their rating, fuses will open the circuit 
in from 1 to 15 min., depending upon the size of the 
fuse. Under this condition it would be a case of the fuse 
reaching a temperature high enough to cause it to melt 
and fall out of the circuit. On the other hand, when a 
short-circuit occurs, the fuse is not merely melted, but the 
temperature becomes so high that the fuse is vaporized. 
Assume that the normal current of a 5-amp. fuse 
causes its temperature to increase 125 deg. F. above the 
surrounding air and that an overload on the circuit in- 
creases the current to five times normal value, or 25 amp. 
The increase in temperature caused by the current would 
equal the square of the number of times the normal 
current has been increased, multiplied by the increase in 
temperature caused by the normal current, or in this 
case 55 KX 5 K 125 = 3,125 deg. F. This value is only 
theoretical, for long before the fuse has time to reach 
this temperature it has opened the circuit; but the rapid 
increase in temperature caused by the increase in the 
current shows why a short-circuit causes the fuse to 
become vapor. The foregoing value is very low for a 
short-circuit current. It is not uncommon for the cur- 
rent in a circuit to increase 20 to 25 times the normal 
rating of the fuse on a short-circuit before the circuit 
opens, which is almost instantaneous. The only differ- 
ence between a 30-amp. fuse for a 110-volt circuit and 
a 30-amp. fuse for a 600-volt circuit is the length. The 
former must not be less than 2 in. long; the latter not 
less than 5 in. The reason for this increased length 
is on account of the high voltage having a greater 
tendency to maintain an are across the fuse terminals. 
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Data Pertaining to Water 
By G. C. Lone 


The following data on water is information that the 
engineer frequently needs but seldom has available. While 
of course not original, I think it will be appreciated by 
readers who have no library at their command or haven’t 
this information collected in a compact form: 

One U. S. gallon has a volume of 231 cu.in. and weighs 8&4 lb. 

One cubic foot of water at 39.1 deg. weighs 62.426 Ib. 

One second-foot means one cubic foot of water delivered per 
second. 

One second-foot equals 7.48 U. S. gal. per sec. 

One second-foot equals 6.23 British gal. per sec. 

One second-foot.equals one acre-inch per hour approximately. 

One acre-foot means one acre covered with water to a depth 
of one foot. 

One acre-foot contains 325,851 gal. of water, 

Friction of water in pipes increases as the square of the 
velocity. 

Friction of water in pipes varies inversely as the fifth powe1 
of the diameters. 

Friction of water in pipes increases directly as the length. 

To find the approximate theoretical horsepower required to 
lift water to a given height, multiply the U. S. gallons by) 
the feet lift and divide by 4,000, making an allowance for 
losses in the pump. 

The equivalent of any number of cubic feet or gallons can 
be easily determined by the use of the following tabulation: 


iL out. = 7.48 gai. 1 gal. = 0.134 cu.ft. 
2 cu.ft. = 14.94 gal. 2 gal. = 0.267 cu.ft. 
3 cu.ft. = 22.44 gal. 3 gal. = 0.401 cu.ft. 
4 cu.ft. 29.92 gal. 4 gal. = 0.535 cu.ft. 
5 cu.ft. = 37.40 gal. 5 gal. = 0.668 ecuft. 
6 cu.ft. = 44.88 gal. 6 gal. = 0.802 cu.ft. 
@ eu.tt. = 52.36 ail. 7 gal. — 0.936 cu.ft. 
8 cu.ft. = 59.84 gal. 8 gal. = 1.069 cu.ft. 
S$ cu.ft. = 67.32 geal. > gal. = 1.203 cu.ft. 
10 cu.ft. 74.80 gal. 0 eal. =, 2.3837 eutkt. 


One pound of water pressure per square inch is equal to a 
column of water 2.3 ft. in height. 
One foot of height in a column of water is equal to a pressure 
of 0.434 per sq.in. 
ws 
When You See a Useful Fact or Statement, Nail It. Put it 
where you can find it when wanted, and your reserve fund of 
knowledge will soon. grow tremendously. 


























. 
3 


% 


3 


30 


———— 


aules jes 
pue syvoj9 aull} PULA 
€e “ON 


“Bsazyep 


gueAeid); 0} 
pee suuinp 
ud ¢ pus 


Zutzve1j 
1ayyBoM 

Aep yoe 
ule g ‘lapeaedy O7UT [OG 


———_—_— 





SIM ‘SUMATY OML “OO ‘OAW NOLTINVH AHL dO LNW1Id LY dSA NI LUVHO NOLLOGdSNI 


ayes 
St 410M pe I IVAO 8 
yey} ves pue saouvyd 
-de Ajayes [je ourare 





tnt ean tena ETc 


qo Aq peyoyem st yiom InoA 38q} Joqulowlay 
“dA0QGB 
IN VeVuUusIS 





p4soved uorjoadsut out 8 s[Bt 
‘ayep 03 dn yday pus su0t}Bv0] snonordsuos ul Zuny eq ynu sp10001 uorjoeodsuy 





aornuaidde doys-ourqovyy 


ouByveu 19388] 
WSIUTYORIAT 


ysnoy Jamod Mau sooulsuy 


JO} SYOO]D BUIT} J989z -O2|8 poom yd [ yng | -*q Jev# WOM pue SB Y1OM 34} peynooxa aynziysqns mod 10 NOA yey} aaoid 0} Jepso ul azep 844 pue otuvYyveur J9{SBU jUISISSY 
Ze ‘ON #1 “ON siuuveq qe jo uon mod mMoys yshur psoved uorjoadsut MOTjeA 9G] ‘snotraaid Aep 24} peuojied oq ysnul uvuitedal-7[9q 
syool Th yoodsu] te -BoLiqn| 0} 99S [yetus yom eu Aepyoy Be 10 Aepung uo S{[By po Bolpul ayep ayy os uj poyiodes yom oud jo 1 19M I pjo svoumugy 


Ig “ON 
‘Japio Furjiom ul ov 








oyne vsn ‘Ty *[es 
¢ sammbey =—"[lO Ysedy 














JaAamoy Sitedel az¥8IPp 
-oultul ayBIy Ja]joty 





UOIRNIGKa BY} JO} Japso doys 8 jo yno Zuryew oyy Zuissoujyim Ajpeuosied Aq Ajuo sso, sUre]q 
yposuity aaoid upvo 4y10de1 yons suryeul uosied ay} pues gou0 ye ayo s,Juepuazutedns [Bo 


























QSUMTTTY 
19}}g WIIG 































giquodivys ploued [ev ut Juiyyynd alojeq 9Ue | -yoo puB 10,0 OY} JO -luBy IU 9Y} OF payiodas oq sn 7 ‘1ops0o jo yNo snjeiedde sesoposip UOTQO 9dsut ueyM :330ON UBIOIIPIT 
qey} veg ‘poimbed a1v |-O104 YIM yNO YSBM | yoRutpuod ayy GAJSqO | sjoquiAg 
se sueder yons oyeur | 3° podde} st [10 P]° | puw s0zwAate ay} UN 
, | = uat *sAUp + AIGA I I { I ————__—_—— — ———— = ——— . . — = = 
pus seuoydezip [IO aaa wen na "no c’ON + a mk : l 7 
. a8Bo > iP t | | 
"ON . © ONTS sulaag cocees secs cees somaarg ¢ 
weet” oO 4s% aBuBy’) “3YsOY sodoid . " oe £6 °ON SuOTONAySUT O88 * * # * * Syoo]D sully, 
on uw ny “: e nul jo st aso yuBio Ul i pus snqzwse ne sa seine aan 
€ { ay s . “ : > | _de Zunsiog at uo (ZEON SUOTJONAYSUTAIH | x % | *** “SHO < 3 
ga0dTAeD asat bya [10 ay} BYR Veg oq a } | yy < N I S I LN 
ae I iL sAUp puR ssuliveq yioqg ‘synu pue $304 
qe opeur pepoou sated fe auruexa <yNnjouv,) Sunsoddns osje pue [f° ON suorjonssut aag | | | ‘'-qued snug ‘synods uMOp puB sjooyy 
-01 vARY puB sUuOTIIpP waa tae ote pti. ‘qutyoBul ayy BULALIp 
yr ZION : a. ¢ ° ce — 
7 eles finvisdo Ayo | BUN We joodsuy (OF ON SUOTIONAYSUL IIS IN| siouadiuys [}oued 
IG i . SOABIYUS PBIYIIAO uv , | | 
D nets . -doid jt aes 07 pIdyUBy 15 | { I ; ; || - 2 he ; 
. mene J° | oyut oF [eys yaagutsua | 89389 "se[que ‘sgoueyd Of ON SuoTon IN IN IX IX IX} sauoydeoid 
JOIAvYyaq 24} BUIpPlVT Lo ind st urvays ouIN} -de Ajoyes [je yoodsuy | } 
-a1 uoljeulIOsUL puB : spn lentes. 298 UL. < = ONS sutaa@ ‘ : | ** Que 9 ysniq- 
eyurerdinoo aoe wee you] ‘Bop OF Ue re oon AanT 62 UN SUOTPONAYSUL VIS Ss Ss juamdimbe ysniq-dJty 
agin ‘ Joptoo qaB 0} «=~paMol re blag —* - ' ; a : : 
Son ewes oan -[8 oq JoAou [[VYys 194 -a180 pus syied [[8 [10 6Z°ON SUOTJONAYSULIIG Ss S asnoyawm YANO yuowdmba ysniq~ty 
. ‘ : |e a 7 ON 
87 BISOUWLIIL ‘guidid | ~@* OL wows ier . = ONTS sulve@ : : : os B suc aureus poo 
‘gaafeA ie soodeuy | 2%? £4 “are ¥ 3S Pus -aoygo [83 °ON SUCH ONSET ONS 8 8 8 8 — wane a yo 
asia ‘urd QT 38 90u0 Os[e | SoTUBYyoaUT JoyseUl 03 ; 
> *¢ wt 2-ORTS P sulaaw : ‘ : ~ SUVAO JOUUBUY [9239 
-4nvurqoeut p uoNIp uCOUIa} JB BY} Ul SOUT} gouo ye yodeal Jopso RZ ON SUOTPONAYSUL IAS Ss S S 0 jaWUBUY [9939 
“3 sf “7s OM} puv uooUaio; ay} | BupyioM jedoaid ut you . : ' ns ha ? ' 
uood |[BlgUed VAIASqGO : A : - rs suraea ‘ ‘ ‘ surry Aap Jequin 
pue loerd "eanue to UL SOUIT} OM} OpBIU | ST jand Aue J] “peAdos 8F ON SUOTPONAYSUL IIS | g S g S supry Aap soquin’y 
. ae | Bys suoTpRAJesgo | -qo sesnoy Jo mod | : ’ ‘ . 
moj ajajdwuio0o ay4B 1 164 ; { >-ONTS e 1 , , jadsut jue 
’ .- on APIN | sinqeseduio} ‘ssej 10° | ut sdoup soyerounuue QZ ‘ON SUOTPONAPSU! VIS xX b X X uoljoodsul URLS 
; - ‘Pap Op SLaungwsoduisy | puw pezse}y eq O}F aie ee: , a 
uolIpuos ZuryJo: I : 4 ONS s : yd ortqus asoy pur sired at 
c poo wit Boo Sous apIs}no oy} UeYys Iwad | StaIU/e Vv ‘syaays F6 ON SUOTPINAPSUT IIS M MA M M M yuvyd aitjuyy SOY | I! I 
<2 . a : Oo aut} ay} sung uolmvoedsut uo peddle} . 
90s OSs[Y yUBUTEYS J a? : f : 7 ON SUOTPONAYSUL BIG ry M M s100p-all 
= yOu SI Jo}BM yey} OS[B 6 aon gorem oe hg | ve an a co GON . , M M é; 
- aTTy pus voe[d ur ae —— “pur sana ="ON'S sutvag ‘ ‘ ‘ ‘ : : : : : .---querd agua sdeaj wieeys omnssosd-yat 
ree pas com hg ou aag ; ul Z yuyd §=jeejs Ul | puw epvUul oq = st U0} 1Z ON SUOIPONAPSU! 99S $s S S S S S S S s }UB] ug } } ZH 
: Sn S |g—pozuoo] ‘Ap yor -vadsut [etoods sAep ; Dd aa omy es ee _ : 
7G 0 ; : : Zz "ON'S ; ag : : : : uvld aagquy sde1y wBe4ys aanssoid-mo 
oy ve Navonays aO01M} SyRIsouLIY} | eey} UO ‘quasord 0Z°ON wwe 9S $s Ss S $s $s yUvy ug } ’ 4 
-ao 4ou pus sapio Sur | 24? Pum osjy ‘woos | ye se uoTzUee [Pe cde st --gsnoy samod p guifua jo yeq ule 
pe WB so ton yey) duiystuy = Ul = asnoy | -Joued aUIESs OU) aataa (3 sdey uedo sredey a 3 | ad a ad a ad ad { PIO (Fue jo yoq UlvIT 
eas pus ued us soap | 26% JO 2009 yyanoy | -21 07 ST UIAISAS OWL | oro ; ~ lo jarle inie Inia IN ig -larie inie Inig : siwieiInigINiISINIS : ‘-quaUTasEq a1 duind aotases uosUyO 
po tore i acc ose ‘asnoyoarea € "ON gL ‘ON suononaysutaag |S NS N|IS ONS ONS NS INIS INiS IN'S NS INS [NOS NISINIS|IN/S|INIS yusITASEq MBO t {or 
: z 'ON . . 4008 puovos pue yunid | ‘qaays U0} |yoreulUexe [Bleuer) oO oO oO fa) oO re pavd roquin’y JOAL WOdJ ayequy 
doys ad4} 203s Joo puedes UO | _55dsut UO peps0v0d 9q ; nat 
asp a}HDOT ‘IBIA OL oO en s 2g : er - i sil P aTAT 
‘gz asnoy Jomod piO Pod Burywoy pes ain act wom ye sduy uedo sao d re d d € a a da a d a da a a ra asnoy samod MaN S10} B19UdF JO 9[9q ULB] 
‘T s00H patyy UO tT |-mp “urd g 3 asad | pig g Pp a0u0 ; ; 
quoureseq asnoyoiua nos pus me 4 wee | Geek aes SHvyasIp |yy edu ueado amday lg) @ & @ @ a@ a) 4a a\ a} a a| j@| j@| @| © asnoy Jamod MON aursue Jo 3f9q UIVIT 
‘ . . — . “ a Joyem = =yn oqynutul 
‘g suply JourvUue UIOI} | ysnRyxd 0} UIBOyS VAT : : ; 
doys ouryoeu ST 1004 : : { se bce Se > boot god sayoujs JO OGUINU |p; -oN SUOTNSULVEg [FS Sos 5 ssisis ssisisijs sis 8s 8 sissssississ Sse [9938 100y puodeg ropaaj [OYOo[TY 
puooas ““quejd = j903s8 a ies . - esusy) | pus  s01Ases [enjow ayo “JX 
‘g sioyeay onjs uo : N “pausaa ur oynurut Jod Se¥x0198 |- yr TT St proded UOT} 
quamased ,,O,, A409OBJ | - . ° jo soquinu 94} 422M |-oadsut iredai pu [IO a q qf q juyd joes oatuy S[[UP o1sq9]9 IQUHOd 
wy» uov st yoodsod ALWA® | KyQqA0 YG ‘UOTQUAIIB Fos 
‘] suapveg uo 4UEUT | yr ssouTTUBeT[D SB IBJ Apep rena st @ateo nee : : . , . q e [2038 1009 ISIN josseidui0o aty 
aseq asnoy JaMod Meu | os 4dad ies aq 11848 | cio; sr dud siqy ZL‘ON Suorpensysuraeg | |S g g g S ¢ 1, I 
‘.,, Mau JOOY IS1Y | siozesusdUIO) PUB SIO} | eae ice | Tt te lee tae lee der lar tar dae lar dar UND Nt _ = aha — ae ’ 
‘M1001 UBF UT PezBI0[ | -our yey pth StU], Z ON 6 ‘ON suotjonaysut eg |N |N |N |N NIN IN IN IN IN IN |N IN IN |N UN NIN IN IN IN IN [NUN IN IN IN NIN IN S| aoyjo 0} 1X9N yu} ropyundg 
@ ‘Japio BZurysom ut | -yeop adim pe saul | ‘uoryoul ul opty szaed — ; Lislleeeeesssissisessee le le le le le Ie Ie Ie Is Is le Pies ed + Sunway uwaIg 
aie sdeiy yey} vos ne -purm woody snip MOG apisyno [to puw Ajaoay 8 ON SUOTPNASUL VIG |S |S sis SIS |S |S |S 8 5 sis is is § 8 8 [5 ss s 8 |S {t . : ‘ 3 s. t : 
[B19u08 ur yoodsuy | LON loywouqny, YFNOLYY is vO ' 2a i 4 ae g10]0UT JOMOg 
1g ‘ON | ‘syrvd yo 4snp adi, | jlo sopuyso ssed Bur LON SuOTZONAPSUT BS | a | | K 
‘doys ouryovur | 9431} ote pepuedsns | -Aour st dumd oft A per ; ait : y |. ; ee §10}0Ur 40M 
’ plo ur] ‘asnoy uvy plo | gay saojour ay} YoryM | UOTZIPpUoD Durysom 9 ‘ON SUOTPONAZSUT 99S | | a | " a bo 4 | UB] a d 
is ul Z ‘1vaA jo potod Aq s}0q4 pues s}nu | ul pus 90d} S@A[BA ‘Gg ‘ON SuOTpONIysSUT aag at | | "1 | | | IOPVAII OLIPI[] 
Zuryeea guunp ‘sur | yey} ses puv AT[Njolvo doay [Tis sty] ‘duind a | wt | | | : cc yeulealie Ss - > 1p-)18 
Ror) ryeey LIN ! { P I TH SIL ONT @ aut aed! 71 | { jued elQuUy S10} VAIO UIALIP-} [9 
peter -uioul Asad yoodsuy | seq eUTUTeEXG “Jep | 94} ysnoiy, passed Ff ON SuOTzZONIAzSUT 99S $8 ade | | I : 
0z “ON -10 POOS Ut 91B- SIOPC} pus pest Te : ‘ ‘ my ee : . | | a vite s10stl sapyuudg 
o ‘u14e} |-nurui0s pue seysniq | JoyeM jun areydsour ¢ "ON SUOTPONAZSUL BIS $ $s $s >) $ | | | | 
fd Survey Buunp uvolo yey} 2 s10j0Uul *0-p | -}38 0} uedo od1eyostp Ln as ; ” | | | . --39snou acMod PIO -duind aotasas [vsouey) 
yee adim pue yoadsur ‘[1Q | uo puw ‘ssuLveq [IO yim duind oy} uny Z ‘ON SUOTJONIySUT 298 | 0 | 0 0 | | 9 | (0 1 PI . 
‘ON 9 ‘ON ‘oO | | | Pre ks 5 d at 
4 ST ‘ON | 9 ‘ON T ‘ON |] ‘ON SuoTjonsysuT veg 0 0 0 0 0 0 0 0 0 0 0 0 0 | \0 | |0 0 ano san pre ee fond 
| « le ee ee Oe ee en ae oe Ae Pe 28 eee ee es ee os ee ce | | ———— ——_—_—— Te — 
ic} rs an » . oe > > 290° | auluoRrty 
a suorjonsysuy | iit ti aq 0} FIOM 1 OF 6Z/8Z 26, 9S CZ FZ EZ ZS IZ 0% OTST LT OTST FI a | ie 11016 8 4 g |¢ |F | |2 II uot} BOT UTYORyN 
| | | | - i 
4 = eee 








LUVHO NOLLOUdSNI 





















304 






























































100 to 500 hp. 


Rated Horsepower. 


° oe ° o 
{mitial amd Operating Costs 
of Power Plants 
By Rospert P. Keon 
The accompanying table is a good basis for deter- 
mining the most advantageous type of power plant from 
As a comparison the figures are fairly 
accurate, but of course should be modified in every in- 
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to be furnished in addition to a generator for pro- 


ducing the current.’ Moreover, the power cost would 
also have to be calculated in a different manner. 


In 


in efficiency of the 
quirements and 1144 
used for rough calculation. 


determining the 
operate 


horsepower of 


an 


engine 


a generator, the loss through transmission and 


generator 


TABLE OF INITIAL AND OPERATING COST OF GENERAL POWER PLANTS 





(The Costs for Oil-Engine 


—100 Hp.——— 


300 Hp.——— 


ants Is Based on the Normal [Peace Time] Cost. of Oil) 


would 
hp. for each kilowatt is therefore 


increase 


the r 


500 Hp.———— 


Type of motive power Steam Hlectric Oil Steam Hlectric Oil Steam Hlectric Oil 
(Simple) Motor }ungine (Compound) Motor Engine (Compound) Motor Engine 

Investment, based on aver- 

age conditions, including 

power plant complete, 

installed. .. $5,900 $3,800 $7,000 $16,000 $10,300 $21,000 $23,000 $15,000 $30,000 

Daily Operating Expense 
Full load 24 hr.... oh Ze. rate de. rate 2e. rate le. rate 2e. rate Ie. rate 
Chief engineer..... $4.00 $4°00 $4.00 $5.00 $5.00 $5.00 $5.00 $6.00 $6.00 $6.00 $6.00 7.00 
Night engineer, if any... 3.00 3.00 3.00 1.00 1.00 $00 4.00 5.00 1.50 1.50 4.50 5 50 
Oilers or assistants... . 41.00 1.00 1.00 1.00 1.00 4.00 1.00 4.00 
Firemen. . , 1.00 1.00 1.00 
Lubricating oil, waste, sup- 

plies and incidentals 2.00 1.00 1.00 2.00 1.00 2.00 2.00 1.00 6.00 3.00 3.00 6.00 

Fuel (or Power) 
Coal at $3.50 per ton 16.00 32.00 18.00 
Current.... 10.80 20.40 122.40 61.20 204.00 102.00 
Crude or fuel oil at 34¢. per 

gal.... 6.00 17.09 28 00 

Net. operating expense 

per 2e RP... 650 $29.00 $418.80 $28.40 $17.00 $53.00 $137.40 $76.20 $36.00 $72.50 = $221.508119.50 $50.50 

Yearly summary—aver- 

age 8 hr. Daily Opera- 

tion with 50 Per Cent. 

Load Factor 

Labor, oil, waste, ete.... $2,520 $1,620 $1,620 $2,160 $3,960 $2,880 $2,880 $3,600 $4,680 $3,420 $3,420 $4,320 
Fuel or power. . 1,056 2,448 1,224 360 2,112 7,344 3,672 1,020 3,168 12,240 6,120 1,680 
Depreciation, 5 per cent... 295 190 190 350 800 515 515 1,050 1,150 750 750 1,500 
Repairs 5 per cent. annually 

on oil engine and steam 

plants, 2 per cent. on mo- 

295 76 76 350 800 206 206 1,050 1,150 300 300 1,500 

Total Annual Expense 

(exclusive of interest) . $4,166 $4,334 $3,110 $3,220 $7,672 $10,945 $7,273 $5,720 $10,148 $16,710 $10,590 $9,000 

Yearly Summary—Aver- 

age 10-Hr. Daily Opera- 

tion with 80 Per Cent. 

Load Factor 
Labor, oil, waste, ete... . $2,520 $1,620 $1,620 $2,160 $3,960 $2,880 $2,880 $3,600 $4,680 $3,420 $3,420 $4,320 
Fuel or power. . 2,112 4,896 2,448 720 4,224 14,688 7,344 2,040 6,336 24,480 12,240 3,360 
Depreciation 5 per cent.. 295 190 190 350 800 515 515 1,050 1,150 750 750 1,500 
Repairs 5 per cent. annuall ; 

on oil engines and steam 

plants, 2 per cent. on 

Po ae 295 76 76 350 SOO 206 206 1,050 1,150 300 300 1,500 

Total Annual Expense 

(exclusive of interest) $5,222 $6,782 $4,334 $3,580 $9,784 $18,289 $10,945 $7,740 $13,316 $28,950 $16,710 $10,680 

Yearly Summary—A ver- 

age 50 Per Cent. Load 

Factor and 24-Hr. Oper- 

ation 
Labor, oil, waste, ete... $4,680 $2,880 $2,880 $3,960 $7,560 $5,400 $5,400 $6,840 $8,790 $6,300 $6,300 $8,100 
Fuel or power..... . 2,880 7,344 3,672 1,080 5,760 22,082 11,016 3,060 8,640 36,720 18,360 5,040 
Depreciation 5 per cent... 295 190 190 350 800 515 515 1,050 1,150 750 750 1,500 
Repairs 7 per cent. annu- 

ally on oil engines and 

steam plants, 3 per cent. 

on motors........... 413 114 114 190 1,120 309 309 1,470 1,610 150 150 2,100 

Total Annual Expense 

(exclusive of interest) $8,268 = $10,528 $6,856 $5,880 $15,240 $28,256 $17,240 $12,420 $20,190 $44,220 $25,860 $16,740 

Yearly Summary—Aver- 

age 75 Per Cent. Load 

Factor and 24-Hr. Oper- 

ation 
Labor, oil, waste, ete $4,680 $2,880 $2,880 $3,960 $7,560 $5,400 $5,400 $6,840 $8,790 $6,300 $6,300 $8,100 
PURE OP OWE 6 5... 55.8.0 cess 4,320 11,016 5,508 1,620 8,640 33,048 16,524 1,590 12,960 55,080 27,540 7,560 
Depreciation 5 per cent... 295 190 190 350 800 515 515 1,059 1,150 750 750 1,500 
Repairs 7 per cent. annu- 

ally on oil engines and 

steam plants, 3 per cent. 

ou motors. ... ere 413 114 114 490 1,120 309 309 1,470 1,610 450 450 2.100 

Total Annual Expense 

(exclusive of interest).. $9,708 —-$14,200 $8,692 $6,420 $18,120 $39,272 $22,748 $13,950 $24,510 $62,580 $35,040 $19,260 








stance to correspond with local conditions. The method 
shown suggests those items of expense that may be 
included in the total annual expense for power. 

Power plants for general purposes are considered; 
that is, a main driving equipment consisting of one or 
more units for operating other equipment by rope, belt 
or other form of transmission. A lighting plant must 
be figured differently, since central-station current would 
not entail any machinery on the premises, while in the 
“ases a steam plant or oil engine would have 


other two 








Where the plant uses the street current in a motor, 
allowance must be made for loss in the motor and line. 
Taking the total less between the switchboard consump- 
tion and the actual power supplied to the drive (at 
which point comparison should be made) as 12 per cent., 
-e hav » hors en | eae 746 
we have one horsepower at the drive equal to 7900 3 0.88 
0.85 kw. (approximately) at the switchboard. 

This basis has been adopted in the tabulation. — Elec- 
tric rates of 1 and 2c. per kw.-hr. are used, although 
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with a 100-hp. plant it is seldom possible to obtain a 


rate as low as 1c. per kw.-hr. Sometimes central sta- 
tions offer a 1c. rate to desirable users who require 
power at those times when the load curve will be most 
benefited. Such a case is an ice or refrigeration plant, 
which needs a maximum amount of power in the sum- 
mer with little or no load in the winter when the central 
station is pushed to its. utmost capacity by the lighting 
load. General power plants cannot be considered so 
favorably, and the average rate would be nearer 2 to 4c. 
per kw.-hr. 

The 100-hp. steam plant is figured with a simple 
engine, while the larger units are «ssumed to be com- 
pound condensing. Fuel consumption for everyday 
working conditions is represented and not the best pos- 
sible performance under test. In the calculations for 
operation during the day only, 10 per cent. has been 
added for stand-by losses in the steam plants. 

Daily operating expense in the first lines of the table 
is based on full 24-hr. operation. Yearly summaries 
on four different bases follow. The first two represent 
operation during the day only for comparatively high 
and low load conditions. In these two instances only 
half the labor included in the full daily operating ex- 
pense is covered. 

Daily operating expense alone is misleading, and only 
by estimating operating and maintenance cost for an 
entire year is a true comparison arrived at. A careful 
study of the table will prove this contention beyond 
any question. Depreciation is calculated throughout at 
5 per cent., which will be enough for complete replace- 
ment within 15 or 20 Repairs are naturally 
higher with the steam- or oil-engine plants than the 
electric drive and have been figured accordingly. 


years. 


INTEREST ON THE INVESTMENT To BE ADDED 


Interest is omitted because this will vary according 
to the locality and the business. It is better to calcu- 
late the yearly saving possible with the more economical 
plants and then judge of their value. An additional 
investment of $10,000 in machinery that will not pay for 
itself in four or five years would not usually be con- 
sidered. Oil-engine manufacturers often find it difficult 
to effect sales when the total cost may be saved in two 
or three years. Sometimes this is due to lack of spare 
capital for refinements or the reluctance on the part of 
investors to invest in more expensive equipment. 

The estimated initial investment is expected to cover 
merely the mechanical equipment delivered and erected 
and is necessarily an approximate average. By using 
the table as a guide and at the same time securing 
accurate quotations with correct figures at hand concern- 
ing the costs of fuel and labor, a proper comparison to 
suit particular conditions will be determined. The cost 
of building might also be introduced, as this will vary 
with the form of power. Incomplete calculations, such 
is taking the difference between the initial investment 
involved by two kinds of power plants and then attempt- 
ng to find the most advantageous in a piecemeal manner, 
should always be avoided. This is often done with 
inaccurate results and consequently unfair discrimina- 
ion. Let the whole year basis be followed out and a 
‘(rue viewpoint obtained. 

The worst offenders as a rule are central-station men 
who are so enthusiastic over electric power that power 
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users are often persuaded to buy current when it really 
means hundreds and perhaps thousands of dollars 
annually expended which could be saved by another form 
of power. There are many plants running under con- 
ditions that favor motor drive, provided the rate is low 
enough, as the table indicates, but those that can be 
conducted on a much more economical basis by steam, 
oil engine or some other prime mover should be left to 
select what is best for them. 

| The reader’s attention is called to the fact that, owing 
to the greater initial cost of the oil engine, inclusion of 
interest charges would increase the proportionate total 
annual expense of such a plant—Editor.] 


“ 


The Central Station and the 


Stationary Engineer 
By D. A. Farry 


With the activities of the large central station in its sale 
of electric energy another stage in the evolution of the 
stationary engineer seems to be near. The writer has had 
experience in the power, plant and also in selling power 
from the central station to large and small power users 
and has seen numerous isolated plants shut down. In 
some cases the engineer was discharged, and in others his 
services were retained and his status changed, usually 
improved. | 

Most stationary engineers have heard repeatedly the 
warning that the central station has technically trained 
men, for the purpose of extending its business, which 
means eliminating the engineer and shutting down the 
engine that he may have been with for years. But the 
salesman or the solicitor is not the only highly trained 
man in the employ of the corporation. 

The methods of the large company are about as follows: 
Starting with the coal pile, the coal is bought on a heat- 
unit basis, and an expert is emploved to test the coal. 
This coal tester may be a young college graduate, paid 
sometimes less than a stationary engineer; but he is an 
expert in his line just the same, so the corporation pays 
only for the heat energy stored in the coal. The large 
plant is always located where water in abundance is 
available, but often before entering the boilers this water 
needs to be put through a special water-treating apparatus 
which is inexpensive to operate, although somewhat costly 
to install, and its first cost makes it prohibitive to a small 
plant. The central-station boilers are of the most eco- 
nomical types and sizes. As every engineer knows, there 
are certain conditions—a certain load, a certain draft, ete. 
—under which a boiler produces steam most efficiently. 
Studies of these conditions are made by an expert, and the 
boiler is operated as nearly as possible under those best 
conditions. Although the central station has a varying 
load throughout the day and throughout the year, the 
combination of boilers that makes for the greatest econ- 
omy in any particular circumstances is used. The com- 
pany knows from its reports and records how often a 
boiler should be shut down and gone over—not every six 
months or every year, because that has been the custom, 
but when that boiler should be cleaned it ‘s cleaned. 

In the engine room the large unit has replaced the 
small, and the turbine the reciprocating engine, all tend- 
ing toward cheaper production; and an expert sees that 
these units are working efficiently. There are usually 
enough units in the power house so that they may be 
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operated at the most economical load. The cost of these 
refinements in the central plant is a small per cent. of the 
{otal as compared with the expense for the isolated plant. 
The cost of the power for the average manufacturing 
plant is from 2 to 5 per cent. of the cost of running the 
business, while in the case of an electric company the cost 
of making the energy, or cost of production as it is called, 
is anywhere from 35 to 60 per cent. of the total expense. 

Until comparatively recently the central-station man- 
agers did not fully appreciate the benefits to be gained 
from the sale of what is called the “off peak? current— 
namely, that current which could be generated during the 
day by the use of machines that would otherwise be idle— 
but they were most diligent in promoting the lighting 
business and pushing the sale of current at top) prices. 
The result of this was that during the course of a vear the 
power plant would generate about 15 or 20 per cent. of 
the energy if was capable of, although for a few minutes 
during the evening “on the peak” every machine might 
he groaning under a heavy overload. ‘The interest on 
the money invested in the plant went on just the same 
during the period when a part of the plant was idle. The 
central-station men now fully realize the importance of 
this off-peak business and are making very attractive rates 
to supply the power for manufacturing. 


Meriuop or MAKING RATE ScteEDULE 


In the preparation of these low-rate schedules the 
investment in the plant, cost of production, load factor 
and many other items should be taken into consideration, 
One central station in making up its schedule for whole- 
sale power rates ascertained the power costs of a great 
number of industrial plants, and rates were then made 
low enough to beat these costs sufficiently to get the busi- 
ness. It was up to the production and operating depart- 
ments to produce the power cheap enough to make a profit. 
That central station is shutting down many small plants 
and still profiting by the sale of current. 

As to the engineer and his job—when a power salesman 
submits his proposition, he is often met with one of two 
statements: “If I could only get rid of that man in the 
engine room, things would be a lot better,” or “Well, my 
engineer has been a good man and has worked faithfully 
for me for 10 or 15 years; what shall I do with him? 
[ can’t afford to pension him, and I don’t want to let 
him go.” 

The reply to the first is that the employer cannot afford 
to have such a man around, and that if he really wants a 
good engineer he can get one, if he is willing to pay the 
price. To the second, if the engineer has not produced 
power as economically as is possible, he has not served 
faithfully at all. If on the other hand he has had the 
ability to operate successfully so vital a part of the busi- 
ness as the power plant, the employer cannot afford to 
Iet him go; in fact, he would be losing money by so doing. 
When power is purchased from the central plant, the 
cusinecr is relieved of the care of the engine and of a 
large part of the boiler plant. Let him devote one-half 
the care to the new condition that he has to the engine, 
and he will produce results in the form of increased output 
and smooth operation of the works as a whole that are far 
more profitable to the owner than is the operation of the 
little engine. 

The writer has yet to see one good engineer discharged 
as the result of the firm’s purchasing power, and engineers 
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are doing cleaner and more agreeable work as a result of 
the change. What then shall the engineer do? When the 
solicitor presents his estimates and figures, he may be 
right; then again he may be wrong. The engineer should 
understand his employer’s business well enough to know 
whether the central-station man’s figures are right or 
wrong and be able to prove it to the satisfaction of his 
emplover. But if the central-station man is right in his 
statements, it is best that the engineer should be the one 
so to advise his employer. 

If power is purchased, the following are a few of the 
matters that the engineer is more competent to handle 
than anyone else: First, there is the heating in winter; 
what pressure will be most economical and still give satis- 
factory warmth all over the buildings? Will it be neces- 
sary to add heating surface to the coils? Then comes the 
installation of the motors; and after the factory is oper- 
ating with motors, instead of watching steam) pressures, 
the engineer watches the voltage. Low voltage means 
slower speeds at the machines. Tf this condition prevails 
is it the fault of the central station or of the wiring in 
the plant? The daily reading of the meter and a proper 
understanding of the contract under whieh the current 
is purchased; maybe changing conditions will entitle the 
user to a better rate. Checking the monthly power bill is 
another duty. Tf the power is purchased on a maximum- 
demand basis the demand should be checked: then the 
speed of the lineshafts and the speed of the machines ; 
perhaps some of them can be speeded up to advantage. 
There are numerous other things about an electrically 
driven plant that would make the engineer not only handy, 
but a necessary man to have around. 
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Making 12-Im. Ice im Two Hours 


M. Schilde, a refrigerating engineer of New Orleans, 
La., has patented recently a process of making ice from 
raw water ina way that greatly shortens the time of freez- 
ing. According to the inventor, a block or plate of ice 
12 in. thick can be built up in an hour or two, as compared 
to 36 to 40 hr. for the can method, or seven days and 
nights for the plate system. 

The water, which is preferably precooled, initially 
flows in sheet form down a surface that may be cooled by 
brine cireulated on the other side. The refrigerant, gas or 
air, acts directly on the surface of the water to produce 
the ice; and as the flow of water and the current of refrig- 
erant are maintained, the ice will progressively build up 
until the desired thickness is obtained. It will thus be 
seen that the refrigerant at no time acts through a thick- 
ness of ice, so that the last inch of ice freezes as fast as 
the first. 

It is preferable to maintain a continuous flow of water in 
excess of the freezing capacity of the refrigerant, so that 
the surplus will carry away impurities that might other- 
wise freeze into the ice. This tends to produce a hard, 
clear and pure ice. 

s 

The Condition of Individual Fires cannot be judged witn 
the naked eye. Some sort of colored glass (not spectacles) 
in a suitable frame, and hung directly where it is to be used 
(near the observation door), gives the operator a_ better 
means of judging the thickness of fires, movement of the 
fuel bed and the presence of holes or dirty places, so that 
he can juggle the rate of supply of fuel and air to maintain 
a uniform thickness of fires as necessary to give the best 
furnace conditions.—Sibley Journal of Engineering. 
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Testing the Durability of Pipe 


Under Corrosion* 
By F. N. SpeLLER 
All will agree that a service test, or at least atest 
under service conditions, is the only reliable method for 
determining the relative durability of iron and_ steel 
products. However, to be of any value it must be pos- 
sible to carry such a test to conclusion in a reasonable 
time. The so-called “acid test” quickly attracted atten- 
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APPARATUS FOR CORROSION TESTING 


tion, but as this proved to be misleading the effect has 
been to discount any attempt to accelerate corrosion, 
Nevertheless, there are certain) conditions commonly 
found in service where pipe is subject to aérated water 
at a temperature of 140 to 180 deg. F. under pressure, 
where corrosion is very severe. The method of testing 
here referred to works under such conditions, which are 
more or less common to all water and steam-pipe service. 

The main factors controlling corrosion in’ pipe are: 
(1) The amount of free oxygen in solution in the water ; 
(2) the volume of flow, which is an important factor, 
wainly on account of the greater amount of oxygen 
available; and (3) temperature. 
with the temperature, reaching a maximum somewhere 
between 160 and 180 deg. F. 

These conditions are reproduced in the apparatus 
ierewith illustrated. This consists of a tank or reservoir 
pen at the top, which may be filled with a supply of any 


Corrosion increases 


sind of water selected for the test. This water is main- 
tained at any desired temperature by means of a small 


*Presented at the nineteenth annual meeting of the Amer- 
ican Society for Testing Materials, Atlantic City, N. J., June 
27-30, 1916. 
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gas heater PB fitted with a thermostat, or a steam coil 
may be inserted if more convenient. An ejector is pro- 
vided at C and operated by air under 3 or 4+ Ib. pres- 
sure after it has passed through a tank A containing 
excelsior or similar material to remove oil. The heated 
water is thus aérated, forced up through the coil 
of pipe and discharged continuously into the top of 
the tank. The coil consists of alternate lengths of the 
materials under test. A glass tube, as at D, may be 
inserted in the coil if it is desired to observe the flow. 
By keeping up a continuous flow in this way at a temper- 
ature of 160 to 180 deg. F., the relative tendency of pipe 
to corrode may be determined in three to four months. 
The amount of corrosion found in that time with this 
apparatus will be equal to about two years under the 
same conditions in actual service, 

The acceleration of corrosion in the apparatus is prin- 
cipally due to the continuous flow and the greater amount 
of oxygen and carbonic acid which is thereby brought 
Inte contact with the interior surface of the pipe. The 
details of the machine may be altered according to local 
conditions. Tf the water is not fresh and almost pure, 
the supply should be renewed from time to time. 

The amount of corrosion ino both wrought-iron and 
steel hot-water-supply pipe, as measured by the depth 
of pitting. will frequently amount to about O.1 in. in two 
vears. We have found with the apparatus deseribed 
nearly that amount of corrosion ino pipe of this kind in 
three months, with the water circulating at the rate of 
one to two gallons per minute. The relative depth of 
pitting is apparently the same in each case. 

The writer has used this scheme for two years in re- 
search work on the improvement of pipe and pipe coat- 
ings, with much saving of time compared with similar 
tests on pipe ino actual use, 


Imdirect-Acting Economizer 
By B. N. Brotpo 


The cast-iron type of economizer used throughout 
America, with very few exceptions, is ideal for service 
where the feed water is good and has a temperature of at 
least 80 deg. F. when entering the economizer. — For 
plants, however, that do not use warm feetlL water, or 
where the water is very hard, the cast-iron economizer 
is not best suited: First, because water of a tempera- 
ture lower than 80 deg. F. keeps the tubes cool where if 
enters the economizer, causing the outside of the tubes to 
sweat or condense the steam in the flue gases. This and 
the surrounding high temperature cause a rapid corrosion 
of the tubes. Second, because hard water forms in the 
tubes a scale which is difficult to remove and which greatly 
diminishes the efliciency of the economizer. To overcome 
these difficulties a type called the indirect economizer is 
often used in Germany, giving satisfactory results. 

The illustration shows this type connected with a B. & 
W. boiler. ‘The economizer consists of a shel! A with a 
copper pipe coil B inside and a system of seamless-drawn, 
mild-steel pipe bends C in the smoke breeching. ‘The 
boiler feed water passes through the heater and in contact 
with the copper coil. The steel and copper pipe coils are 
first filled with water condensed from steam and therefore 
free from scale-forming matter; and it remains there 
indefinitely. as the coils are connected together and the 
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water simply circulates through them when the economizer 
is in service. 

The action of the economizer is as follows: The water 
in the economizer tubes absorbs heat from the flue gases 
and ascends into the copper coil, where the heat is in 
turn absorbed by the feed water in the heater; the circu- 
lating water in the coil cools and flows down to the flue 
pipes, where it is again heated and rises to the pipes in the 
heater. The tubes remain perfectly clean inside, and there 
is no corrosive effect in them. 

The water circulating in the economizer is always hot 
enough so that no condensation will form on the outside 
of the tubes and cause rust. Any soot and ashes that ac- 
cumulate are easily removed when cleaning the boiler 
tubes and by the same means. 

The writer once inspected an economizer of this type, 
which had been in operation about nine years, and found 
the tubes to be entirely free of any deposit, corrosion or 
scale. 

The copper coil becomes covered with scale, but this is 
easily removed by raising the copper coil from the heater 
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TYPICAL INDIRECT ECONOMIZER INSTALLATION 


and passing steam through the pipes, causing them to 
expand a little, thereby cracking the scale. 

In order to keep the circulating water in the economizer 
under the same pressure as the boiler, to heat it to ap- 
proximately the same temperature and to make up the 
evaporation, the highest point of the economizer tubes 
is connected with the steam space of the boiler by a small 
pipe that keeps the tubes continually filled with water, in 
case of leakage. As the economizer has no moving parts, 
it needs no power or frequent attention, and there are 
no operating expenses. 

The disadvantages are: The initial cost is higher than 
for the cast-iron type; and as the transfer of heat from the 
flue gases to the feed water is carried out indirectly, there 
is a greater difference in their respective temperatures, 
or with the same flue-gas temperature feed water may be 
heated to a higher temperature with the direct economizer 
than with the indirect type. However, the temperature of 
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the flue gases leaving the boiler is much higher than that 
of the water or steam in the boiler and therefore hot 
enough to transmit sufficient heat to the feed water by the 
indirect system. 

The economizer shown in the illustration, attached to 
a 320-hp. B. & W. boiler, had approximately 1,800 sq.ft. 
of heating surface in the flue, and the copper coil in the 
heater had about 300 sq.ft. The cost of the economizer, 
as shown, erected in Germany about 3 years ago, was ap- 
proximately 9,000 Marks (about $2,250). It heated the 
feed water from 120 to 220 deg. F., while the boiler was 
being operated at its rated capacity. 

cs 
Lubrication Under Conditions 
That Are Abnormal 


By G. C. Lone 


In a plant of a phosphate mining company a cross- 
compound condensing engine of the Lentz type, 25 and 
30 by 42 in. with a piston travel of 820 ft. per min. 
(rated 1,500 hp.), operated from full load, with a steam 
pressure of 5 to 15 lb. gage in the receiver to no load 
with a vacuum of 5 to 10 in. in the receiver, which of 
course meant the same or higher vacuum in the low- 
pressure cylinder. 

With a pressure above the atmosphere, lubrication was 
easily accomplished by the use of a good grade of com- 
pounded oil; but as the no-load periods were frequent 
and of two or three hours’ duration, considerable wear 
developed. Different oils were tried; but as soon as a 
vacuum developed in the receiver, trouble commenced. 

After considerable experimenting the following com- 
bination has given excellent results: One quart of the 
Standard Oil Co.’s “600 W” cylinder oil is thoroughly 
combined with three quarts of the same company’s “Re- 
nowne” engine oil. A small ice-cream churn is used to 
combine the two oils thoroughly, and a sample of the 
mixture shows no evidence of separation at the end of four 
months. 
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Baffling Causing Fire-Doors 
To Burn 
bY F.C. Torrance 

The writer recently had occasion to locate the cause of 
a peculiar trouble that existed in two Stirling boilers 
fired with coke breeze. These units were equipped with 
automatic forced draft, so that when the boiler pressure 
was low the fires were automatically forced, and as soon 
as the pressure reached: the required point the blowers 
were shut off. 

Trouble was experienced keeping the firing doors on the 
boilers in repair. The door linings and sometimes the 
doors would burn out in two days’ time, and it kept the 
fireroom force busy making repairs. At times, when coal 
Also, 
whenever the boilers were fired with coke breeze, a long 
flame would shoot out of the door after the firemen had 
shoveled in the fuel. At times this would come out far 
enough to be dangerous. 

At first the experiment of cutting down on the blowers 
was tried. This, however, was found to be insufficient un- 
less the blowers were almost shut off. 


was used, even the door frames would get red-hot. 


Next a series of 
Starting at the stack, readings 
were taken at the following places: Stack, top of third 


draft readings was taken. 
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pass, bottom of second pass and top of second pass. These 
were taken both with the blowers on and with them off. 
The results are shown in Fig. 1. 
reveals the following: 


A study of these curves 
From the stack to the top of the 


0! | | | 






5LOWERS ow 


+ 8L0WwE Rs OFF % 











al an 1 


Top Bottom Top Stack 
2d Pass 3°9 Pass 3°4 Pass 
FiG. 1. DRAFT AS FOUND 


third pass there is a loss of draft amounting to 0.2 in. 
of water; from the top of the third pass to the top of the 
second pass, or through two passes of the boiler, there was 
a drop of only 0.1 in. The readings were taken when 
the fires were being forced. After the blowers had been 
shut off, a second set of readings was taken and it was 
found that the loss from the stack to the top of the third 
pass was only 0.1 in. of 
water, while the loss 
top of the 
third pass to the top of 


from the 


the second pass was only 
Q.05 in. 
the loss of draft between 


An analysis of 


these curves shows that 
the stack and = the top 
of the third 
much out of proportion 


pass is 






The Figure shows . 
the Baffle os ford «When compared — with 
The Arrow indicates ‘ al _ i 
the Portremoed that through the last 

two passes, This loss 


of COUTSEC could he due 





to only two things 

either the damper was 
partly 
structed in 
way or else the opening for the passage of gas at the last 


In this instance the latter 


closed or ob- 


FIG. 2. 


TOO MUCH BAFFLE 


some other 


baffle was much too small. 
was found to be the case. 
As soon as possible an examination was made. The 
damper was found to be wide open, but when the boilers 
were installed the rear batile under the damper had been 
put in, as shown in Fig. 2. This left the gas passages 
too small for the gas that had to go through, and the 
result was that the heat given off when the fires were 
forced was thrown back into the furnace and against the 
iring doors instead of being carried up into the tubes. 
The baffle tile leaning against the tubes, as shown in Fig. 
2. were removed and another set of draft readings taken. 
This time readings were only taken when the fires were 
being forced. The result is shown in Fig. 3. The draft 
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loss between ihe stack and the top of the third pass was 
only 0.14 in. of water, while the loss from the top of the 
third pass to the top of the second pass was 0.06 in. 
Since the alteration was made, there have been only 
two changes made in the doors and these were on doors 
that were practically burned out at the time the baffle was 
changed. A marked change was also noted in the flame 
at the firing doors when firing the breeze. 
little if any flame at the firing doors. 


There is now 
The experience cited serves to show that the balling of 


any boiler must be made to suit the particular operating 
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conditions under which that boiler is placed, and the only 
way this can be accurately done is to take draft readings 
and then make adjustments accordingly. 
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Noises and Vibration 
By K. C. PARHAM 


One of the advantages of having actual experience with 
inv type of electrical machine is the becoming familiar 


with its characteristic noises. Nearly all standardized 


machines, when in operation, are characterized by what 
might be called standard noise, and there are man) 
instances where ability to note a change in the character 
of the noise emitted by a machine has very much helped 
men to locate trouble. As instances, the following may 
he interesting: 

The owner of a lumber mill bought a second-hand con 


After he had 


it, he was unable to make it gen 


_ 


Linuous-current generator. made a ver) 
good job of installing 
erate. 
irregularities of such machines, he checked everytiine 
He then enlisted the 
The lumbes 


man was extremely anxious to get what he had paid for 


Being familiar with most of the more common 


as far as he could, but to no avail. 
aid of a young engineer, but to no purpose. 


<o he called on the original makers of the machine for 
help. 
machine come up to speed, he knew that the seat 


As soon as he heard the 
of the 
two 


An inspector was sent. 


trouble was vibration; on pressing the brushes of 
holders down on the commutator the machine began to 
Vibration was preventing the brushes 
continuous contact with the commutator 
to an unbalanced pulley that had been 


generate at once. 
from making 
and 
adapted to the armature. 


was due 
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In another instance an inspector was sent to find out 
why the belt of a motor-driven water pump could not be 


kept on the pulley. He started the motor, and the noise 
and vibrations at once suggested that the speed was high. 
The motor was three-phase induction, and the only things 
that could make the speed of such a motor too high were 
excessively high frequency and the wrong number of poles 


Coke-Oven 





By A. W. 
SYNOPSIS—The Toledo Railway and Light Co. 
has contracted to burn under its boilers 9,000,- 


000 cu.fl. of coke-oven gas per day. Best results 
were obtained by burning it in combination with 
coal fed into the furnace on a chain grate. 





In adopting coke-oven gas as a fuel in its Water Street 
power house the Toledo Railway and Light Co, has made 
an innovation in current practice and incidentally has 
brought forth a novel scheme of burning this fuel. Due 
to the lack of boiler capacity caused by inability to install 
boilers fast enough for the ever increasing load, the engi- 
neers of the combustion department of Henry L. Doherty 
& Co. were called upon to develop a scheme for burning 
the gas which would give flexibility of operation, maxi- 
mum capacity and best economy. 

The gas was to be burned under six Type 8, 475-hp. 
Stirling boilers equipped with Type K Green grates, 
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FIG. 1. 


which, due to the limited area, could not be pushed to 
much over rating. In equipping the boilers the grates 
were covered with sheet asbestos, except a space 12 in. 
wide, which was left uncovered for a secondary air port. 
As shown in Fig. 1, the front of this air port was 40 in. 
from the burner tips and flush with the nose block of the 
ignition arch. Over the entire surface firebrick crushed 
to the size of an egg was spread in thicknesses of about 
21% in. at the burner tips to 7 in. at the bridge-wall. This 
deflected and rounded the flame so that it would not strike 
the tubes directly. 

The burner consisted of a 6-in. air mixer 
swedged down to 5 in. at the outlet. 


, 11 in. long, 
Gas was delivered 


to the burner through a 114-in. pipe capped at: the end 
and projecting into the air mixer about 4 in. 
of the 


In the face 


cap seven %-in. holes were drilled, one in the 
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in the motor. 
be very 


It was evident that the frequency could not 
far wrong, because other motors on the same 
circuit were giving no trouble. A glance at the nameplate 
of the motor revealed the source of irregul: 
cycle motor was being operated from a 60-cycle circuit. 
The motor was a borrowed one, and the lender had sent 
one for the lower frequency. 


25- 





Gas as Fuel 
MorGAaNn 


This ar- 


center and six equally distant on a 1-in. circle. 


rangement was highly successful for capacities under 200 
per cent. of rating, but would not do for higher capacities 
and it was not as flexible as desired. 

To increase the capacity the grates were removed, and 
one boiler was equipped with a dutch oven (see Figs. 3 












FIG. 2. BURNER INSTALLATION WITH GRATES IN PLACE 
and 4). It was then easy to get 1,250 hp., or 263 per 
cent. of rating, and the boiler has been operated contin- 
uously at 210 per cent. of rating ever since. However. 
NET FIREBOX VOLUME 544 CU.FT 
. 475 HP. (STIRLING) = fs . 
GAS HEADER 
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GRATES REMOVED 
WITH 





AND BOILER 
DUTCH OVEN 


EQUIPPED 


the installation was absolutely inflexible, so but one boiler 
was equipped in this manner, 

The plan that seemed to offer the best solution of the 
problem was to burn the gas directly above the coal and 
Some of the best engineers of 


in combination with it. 
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the company said it would not work, but the combustion 
department had faith and went ahead on this basis. A 
special tile with a 5-in. hole was developed and set so 
that the gas when introduced into the firebox was directed 
down against the coal. This tile was placed in the igni- 
tion arch next to the grate, as shown in Fig. 5. The gas 
was conducted to.it by a 11%-in. pipe and cap drilled 

the manner previously described. All 


primary air was 
shut off and the gas introduced into the firebox, using 





BURNERS 


SERVING DUTCH OVEN 
the secondary air coming 


bustion. 


through the fuel bed for com- 
The boiler used for this experiment was a 425- 
lip. Heine equipped with Green grates. It was on the 
low-pressure end of the plant and could be spared. No 
attempt was made to determine ratings, but the gas was 
accurately metered and the flue were analyzed. 
These data are given in the accompanying table. 
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BURNING GAS IN COMBINATION WITH COAL 
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When the gas is fired above the coal the entire firebox 
is completely filled with flame so intense that it is impos- 
sible to see through it even with the aid of a blue glass. 
As the gas runs high in hydrogen its combustion is rapid, 


NET FIREBOX . VA 
VOLUME 52/CUFT } 23 


BOILER CAPACITY 


650 HP Ms 
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FIG. 6. COMBINATION BURNING UNDER STIRLING BOILER 
so that it is an ideal fuel for combination burning. An- 
other successful feature of this combination is the fact 


that there is practically no combustible in the ash, even 
when the chains are running at maximum speed. 

On the strength of the results obtained from this boiler, 
equipment has been ordered and is now being installed 
in the 16 Stirling boilers comprising the high-pressure 
end of the boiler room. Fig. 6 shows the new arrange- 
ment adapted to a Stirling boiler. This design will give 
absolute flexibility of boiler operation, added capacity by 
burning the gas in addition to the coal, and higher 
economy because no combustible reaches the ashpit. 

Upon the completion of this work, evaporation tests 
will be run and the more complete data will be pub- 
lished later. 


Caution im Use of Pitot Tube 
By L. A. Niison 


In the use of a pitot tube to determine, even roughly, 
the average velocity of a gas undergoing rapid fluctuations 
in pressure, such as obtains in the exhaust pipe of a gas 
engine, or air supplied by a reciprocating air iaeeuaiion, 
care should be taken to consider the effect that 
pressure variations have upon the accuracy of the instru- 
ment. A short time ago the writer, in order to ascertain 
approximately the velocity of the exhaust gases from a 
large six-cylinder automobile installed a small 
dynamic tube and a piezometer tube connected in the 
usual manner to an inclined manometer, 
illustration, Fig. 1. 
was negative ; 


such 


engine, 


as shown in thie 
Contrary to expectations the reading 
that is, with connections as shown, the water 
column in the inclined tube went down, which seemed to 
indicate that the static head was greater than the d 
head. A larger dynamic tube and new rubber hose 
to make any appreciable difference, but when thi 
manometer was replaced by an ordinary U-tube the 
column moved in the proper direction and read consist 


namie 
failed 
inclined 
water 
ently higher with increased engine speed. The smaller 
dynamic tube was then tried with the U-tul 
and following 
reasoning will explain these paradoxical occurrences and 
prove the impossibility of getting reliable results with 
such an arrangement. 


manometer 
it still failed to give positive results. Th 
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Tmagine what might happen if the U-tube manometer 
is connected up substantially as shown in Fig. 3, so that 
the pressure from the pipe is free to act on both sides of 
the manometer simultaneously, but one 
manometer has a larger air capacity above the liquid than 
the other, as was the case with the inclined manometer 
that proved unsatisfactory. With a uniformly steady 


one side of 
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FIG. 2 
EXPERIMENTAL 


FIG. 3 
PITOT TUBE CONNECTIONS 
pressure, it is obvious that the water column will stand at 
the same level on the two sides in either case: but when a 
uniformly fluctuating pressure is applied, as from the 
exhaust pipe of the automobile engine, the comparative) 
large volume of air on the one side acts as a cushion to 
absorb the shock, much the same as a rubber ball would 
absorb the blow froma hammer, while the sudden pressure 
rise acts more directly upon the water column on the 
other sige and down, Any difference, then, 
hetween the volumes of the inert gas above the liquid in 
the two s‘des of the manometer will tend to produce the 
effect shown and make the pitot-tube determinations of 
no value, 

Another source of error, besides the volumetric dilfer- 
ence, may lie in a difference between the frictional resist- 
ances of the two tubes. To illustrate: Take a small and 
rather lengthy dynamic tube, together with a much larger 
static connection, as shown in Fig. 2.0) According to the 
preceding discussion, the static side having the larger air 
capacity should absorb the pulsations and produce a less 


forces il 


effective pressure on the surface of the water column on 
that side. Tt was found, however, that a directly opposite 
effect can be produced, because of the frictional resistance 
imposed upon any movement of gas in the small tube, such 
as occurs from a sudden increase in pressure tending to 
compress the long slender colunin of air shown. 

This proves that the pitot tube is impractical for meas- 
urine the velocity of gas subjected to frequent and sudden 
pressure changes, and that in any case the connections 
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snyald be short and of the same length and as nearly 
uniform as possible, in order to transmit the pressure 
quickly and accurately ; that inclined 
manometers or draft gages should not be used. 


changes also, 





JUST FOR FUN 











He Works Uron Hts Auto Aut Day 


[It is not often that we publish an anonymous com- 
munication. We do so in the following, as the little ditty 
aptly portrays how an engineer may become absorbed in a 
hobby to the detriment of his work.—Editor. | 
Our chief has got an auto, just as bright and slick as new, 

And it stands there by the work bench, proud and gray; 

It has headlights, a magneto and a battery or two, 

With a big, loud screech to scare the kids away. 
He is thoroughly acquainted with its every bolt 

And has memorized the road bumps all the way; 
But he keeps the close air tainted with the fumes so thick and 

blue, 

While he works upon his nuto all the day. 


and screw 


There’s spontaneous combustion at the bottom of the bin, 
And the smoke rolls out around the boiler room, 

Where the firemen are hustling, trying hard to shovel in 
Coal enough to make the lights shine through the gloom. 
Half the boiler tubes are blistered, and the costly vapor sings 

Through a hundred leaky gaskets on the line; 
3ut the poor chief has no chance to see what’s happening to 
things, 
For he works upon his auto all the time. 


He adjusts his carburetor every morning 
So his auto takes but little gasoline; 
But the Orsat’s dry and dusty and the boiler setting’s cracked, 

And the coal bills make the poor directors scream. 
He has laid off all the oilers, for 
Now the shift 
sut the 
nigh, 
As he works upon his auto all 


up to scratch, 


the payroll seemed too high, 
man does the wiping his own way; 
boss has kept his it’s good to 


helper, for have him 


the day 


Heav'nly Father, ’'m not perfect I've a hunch where I shall go 

When I've rounded out 

Rut just grant me 
below, 

And Ill 

If you'll 


the years allowed on earth; 


this one favor when you send me down 


rest at ease through countless years of mirth: 
vive to dear old Satan, whom my boss is very like, 
Such another car us yonder little gray, 
I'll be sure the fire won't burn me 
pike, 


For he'd work upon that auto all the day. 


ANONYMOUS FOR Opytous REASONS. 


hard enough to make me 


Dipn’y Purchase Parcuepd Borer 
A manufacturer ordered a new return-tubular boiler. 
The builders shipped one of the butt-joint riveted type. 
Imagine the boiler maker's surprise when he received a 
demand for the refund of the purchase price because the 
boiler was second-hand. ‘Thinking that possibly a mis- 
take had been made, a representative rushed to the manu- 


facturer’s plant to investigate. “What do you mean bv 


shipping us an old second-hand boiler?” demanded the 


irate purchaser, “Come and see it! Look at those two 


patches you have put on!” and he indignantly pointed to 
the strap plates of the butt-riveted joints. 


z 


Governor Stability exists when the governor assumes it 
definite position for each particular speed and when a change 
of speed is necessary for a change of position, while au gov- 
ernor which is in equilibrium at but one speed is said to be 
isochronous. Perfect would be impractical, as 
the slightest increase in speed above the normal would result 
in cutting off the steam, accompanied by a sudden decrease of 
speed, following which the steam valve wotld open wide, thu: 
giving rise to extreme fluctuations, 


isochronism 
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Our Trade im Foreign Markets 


Never before have the industrial resources of this coun- 
try been so highly organized, which is the outcome of the 
numerous demands made upon us by the countries at war. 
The question naturally arises, What are we going to do to 
keep the vast industrial machine in operation after peace 
has been brought about? Many seem to feel that great 
demands will still be made upon us for materials to help 
in upbuilding the devastated territories, but we must 
not forget that the continent at war has a just as highly 
developed industrial system as our own, doing just the 
same thing that is being done in this country—namely, 
making war materials 





and some of these countries ave 
doing it under very adverse economic conditions, being 
practically isolated from the rest of the world. There- 
fore, it would seem quite reasonable that they will be in 
a position to meet their own needs to a very large extent 
and probably supply considerable for the needs of other 
countries, which means that we must look elsewhere for 
demands to fill. 

All things considered, no other foreign country offers 
such opportunities for the investment of American capital 
and such a vast outlet for the products of our great indus- 
trial system as South America. 
considerable interest was created 


After the war began, 
in this direction; but 
under the stress of the demands made upon us by other 
markets offering large profits our Latin-American neigh- 
bors were again overlooked. Until recently one of our 
greatest difficulties encountered in competing in the South 
American market has been the lack of proper banking fa- 
cilities, but this obstacle has been overcome by some of 
the leading American banks establishing branches in many 
of the Latin-American cities; and the end is not yet— 
further extensions to this system are planned. 

To stimulate the confidence of the American investor 
in foreign projects the American International Corpora- 
tion has been organized with a capital of fifty million 
dollars to create a responsible organization to investi- 
gate foreign propositions, to find the necessary capital to 
finance worthy enterprises, superintend their development 
and stand responsible to the American investor. One of 
our largest engineering firms is associated with this cor- 
poration. The outcome of all this is that large engi- 
neering and contracting corporations have also taken up 
the work, and contracts amounting to millions of dollars 
are beginning to come to this country, which is a good 
indication that the work is well in hand. 

The Federal Government is also studying the matter, 
and a complete report on the markets for construction 

aterials and machinery in South America is to be made 

the Bureau of Foreign and Domestic Commerce. In its 

reparation a representative of the bureau will conduct 

| Investigation covering all the southern republics. The 
bureau intends to offer for the benefit of American busi- 
iessmen such information and recommendation as will lay 
\ substantial foundation for trade extension in the lines 
mentioned. A prominent engineer has been selected. for 
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this important work. This is one of twenty important in- 
vestigations to be conducted this year by the bureau in the 
interest of American trade. 

Now that the Federal Government is lending support 
to this proposition and capital is being invested, with 
American engineers and contractors taking up the work, 
it would seem that the time has arrived for the manufac- 
turer to come in and assist those already in the field to 
build up a lasting business in the Latin-American repub- 
lics and other foreign markets. South America is a coun- 
try of tremendous possibilities and almost unlimited natu- 
ral resources. It possesses magnificent waterfalls, which 
as a whole are especially favorable for hydro-electric 
developments. 

Since the supply of coal and oil is comparatively small 
in these countries, it makes the development of their 
water powers all the more imperative. In this one field 
of development alone it would seem that the opportunities 
are unbounded. ‘Then there are the construction of rail- 
way and harbor improvements, the working of mines and 
the building of public works, such as water and sewerage 
systems, ete., which are shockingly lacking in many of 
the cities. All this will require ehormous amounts of 
machinery and engineering materials of every kind. 

Probably at first the profits from these markets may 
not be as large as we have been accustomed to. This is 
nothing more than what would be expected from any pio- 
neer development. Large returns cannot be looked for at 
first; but with American capital invested and American 
engineers and contractors firmly established, all this will 
in time properly adjust itself. 

There are two things in particular that the American 
manufacturer must not overlook if he expects to succeed in 
this field; namely, that the needs of the foreign market 
are not the same as our own and that the method of doing 
business in this country will not do for foreign trade. It 
is therefore necessary that these needs be studied and in 
so far as possible an endeavor made to meet them. 

# 


Accepting the Lowest Bid 


It is indeed unfortunate to be so situated that equip- 
ment or supplies must be accepted regardless of value 
received or suitability for the work at hand, simply be 
cause they are offered at the lowest purchase price. 

Not infrequently one who is conscientiously inclined 
will undertake to counteract the “lowest-bid fallacy” only 
to meet with everything in the way of discouragement 
from inertia to active opposition and to find that not only 
his judgment, but his honesty, is questioned. It requires 
hulldog tenacity to stick through a single case of this 
kind, and this characteristic must increase at least as the 
square of the number of instances encountered. 

It may be said that specifications should be so drawn 
or the article so thoroughly described that there can be 
no deviation from the standard set without at once ex- 
cluding the inferior article. This rule, however, does 
not hold The old lawyer’s saying 


for several reasons. 
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that “where there is a will there is always a way to break 
it” is as applicable to specifications as to wills. 
firms, as well as individuals, apparently go to as much 
expense and effort to beat the other fellow as would be 
required to meet him squarely. There are others, not so 
skilled or well equipped for production as their compet- 
itors, who, notwithstanding honest intentions, produce a 
less meritorious article, yet by reason of the lowest-price 
habit and small profits manage to place their products. 
Then there is the well-established fact that nothing, 
human at least, is universally best for every service or 
locality. 

Lack of conformity to existing equipment is a valid 
reason for not accepting the lowest bid in some cases. 
The use of a variety of equipment necessitates extra in- 
vestment in spare parts and produces unsatisfactory op- 
erating conditions all around. This feature alone may 
justify a igher price in the interest of economy. In 
such cases, perhaps, bids should not be called for except 
from makers of the equipment already in use. This 
practice rules, however, only where bidders are put to 
considerable expense in submitting prices, for it is to 
the mutual advantage of maker and user to come in 
contact occasionally, and the cost is properly chargeable 
to advertising or “missionary work.” 


Some 


se 


Routime Use of Imdicator 


The steam-engine indicator is universally recognized 
nowadays as indispensable in a power-plant, inasmuch as 
economy of operation is largely dependent upon its fidelity 
in revealing defective adjustments of valve and governor 
gearing, and internal wear and tear—all of which have 
a vital effect upon the steam consumption. The question 
as to how long an engine may be permitted to run before 
disorders calling for application of the indicator might 
be expected to develop is therefore not an unusual topic 
of discussion among operating engineers. 

If this question is canvassed among engineers running 
a variety of engines, as to type and size and speed of rota- 
tion, a great variance of opinion will be found to exist. 
Some will insist that the indicator’s utility is not realized 
to the full unless it is put into service at least once every 
seven days, while others will argue that it is a waste of 
time and energy to apply the instrument oftener than, 
say, twice a year, the wide differences of opinion being 
generally proportional to the diversity among the types 
of engine considered and the character of the service. 
The man with a frequently overloaded high-speed engine 
stands for the shorter interval, while one who looks afier 
the running of a slow-speed, evenly loaded, old-fashioned 
engine in a mill or factory may argue for the longer. 

There are many engineers who indicate their engines 
regularly at brief intervals simply as a matter of course— 
as an established event in the routine of plant operation, 
like the weekly winding of the clock, and the like. And 
as a general rule, it will be found that a man of this 
systematic habit keeps the slack out of the operating 
details of his plant so thoroughly that he will have 
accumulated a voluminous stack of diagrams before he 
finally gets one showing something amiss with the engine, 

lt is rare, however, to find a steam engine plant in 
regular service where application of the indicator every 
seven days or so is a necessity in securing safe and efficient 
running conditions. When such a situation is in evidence, 
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one will be justified in venturing the opinion that defective 
design, inadequate methods or facilities for adjustment, or 
chronic overloading of the engine is at the core of such 
necessity. 

Nevertheless, it is excellent practice to make the sys- 
tematic indicating of the engines every little while, and 
the filing of the diagrams obtained, a fixed rule of the 
plant. It costs little or nothing, and at the same time 
it places the events of steam distribution beyond conjec- 
ture, so far as the engineer’s knowledge of them is con- 
cerned ; and besides, it is exactly in line with the methodi- 
cal effort that efficiency in every field of human activity 
demands. Also, it may be the means of arresting an 
occasional small defect that might otherwise go on insidi- 
ously sapping the economy of each day’s run and ulti- 
mately amounting to a serious loss in its cumulative effect. 


* 


Preparedmess 


The air is full of talk of preparedness, preparedness 
against impending disaster or possible attack. The idea 
is pregnant with possibilities outside of the military 
sense with which it is ordinarily associated. 

A country that becomes involved in war must have not 
only ships and forts and guns and men to man them and 
ammunition with which to serve them, but its industries 
must be organized to provide for the extraordinary needs 
of the fighting as well as the ordinary needs of the non- 
fighting population. Where are we to get the shoes, cloth- 
ing, blankets, provisions, saddlery, etc., to equip and _ re- 
equip a large army suddenly called into action? How are 
we to transport them aid get their supplies to them ? 
Real preparedness involves the working out of all these 
details, the study of sources of supply, of facilities of 
handling, manufacture and distribution, both as they 
exist normally and as they are likely to be affected by 
war conditions, and a previous determination just which 
way to turn, just what things to do when the crisis 
comes. 

Such readiness may be just as important to the success 
of an individual as to the security of a nation. In a time 
of stress one man will lose his head, fail to do the thing 
that would minimize the trouble, and make a mess of 
matters generally. Another will quickly and coolly do 
those things which will most promptly restore running 
The 


second man does not think of all the resources, invent 


conditions with the least disturbance and damage. 


all the expedients that he turns to and makes use of on 
the spur of a moment fraught with peril and excitement. 
In faney he has been through that or similar experiences 
dozens of times. He has long ago made up his mind just 
what he would do when this or that happened, where he 
would turn if the fuel or water-supply failed, how he 
would redispose his force in the event of injury, indisposi- 
tion or defection of some of his men, how he would reduce 
the load to the irreducible minimum in case of the putting 
out of commission of most of his units, how he would get 
quick repairs made to boilers, engines, piping or auxil- 
iaries, and is prepared without confusion or loss of time to 
meet any emergency to which his plant is liable in’ the 
best way that it can be met with the means and material 
at his command, organized for immediate use with all the 
efficiency that study, forethought and preparedness can 
insure. 
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Twoe versus Four-Stroke-Cycle 
Marine Diesels 


Referring to Mr. Crowly’s letter in the Aug. 15 issue, 
I judge he has misconstrued my former comments in 
that it was not my intention to make propaganda for the 
two-stroke-cycle engine; nor did I intend a report on 
the maiden voyage of the “Secundus.” As Mr. Crowly 
says, “I left off the end of the story”; but as expressed 
in the opening paragraph of my article, the only pur- 
pose was to answer the question raised by Mr. Lisle as 
to a 10-days’ continuous run (24 hr. per day) of a two- 
stroke-cycle marine Diesel. 

Mr. Crowly makes it appear that I personally am a 
heliever in the two-stroke-cycle engine exclusively and an 
adversary of the four-stroke-cycle engine. On the con- 
trary, a man who has gone through all the difficulties of 
the two-stroke-cycle marine Diesels during years of prac- 
tieal experience, and has met one trouble after another 
in the evolution of this type is certainly not inclined to 
offer at present the two-stroke-cycle engine in general as 
a finished product. When we thought we had overcome 
one defect, the next one showed up, and so on. Con- 
sidering all these difficulties on the two-stroke-cycle en- 
vine and considering the unfavorable dynamic conditions 
as we have them in the single-acting type (hence the 
bearing troubles), did I not advocate in my letter the 
four-stroke-cycle engine up to a certain output and for 
certain purposes; and did I not say that if it comes to 
larger output, “Why not go one step further and consider 
the double-acting two-stroke-cycle engine?” I repeat, 
This engine will come, and the opponents can only delay 
its progress. 

Here my plea for unity in engineering endeavors comes 
in. I did not appeal to the unity of the customer and 
the manufacturer. I did not say to heap the costs of 
experiments on the shoulders of, the customer, but I ap- 
pealed for the codperation of the designing and operating 
engineers who are employed in this great engineering 
problem. The customer, as well as the cause, can be 
served best at present only by offering an engine that is 
fully proved in operation. 

The Diesel engine with its higher pressures differs from 
1 steam engine in its claims upon. the designer and the 
shopman, which T do not think is fully appreciated. If 

designer has spent, say, an hour or more every day in 

e shop or on the test bed for a term of years or if 

has run an engine for four weeks in some plant, he 
often thinks he knows everything about operation and is 
vot willing to listen to the practical man. One of the 
reasons for this is that many things in the shop cannot 

explained as the designer would like to have them; 

takes just a practical feeling. Consequently, the shop 
en do not stand to reason with him. 
When IT was a co-worker in the development of the 
st marine Diesel at a shipyard, an experienced and 
ry ambitious marine engineer was assigned by the pur- 
iaser to supervise the design and the construction, He 
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was asked for opinions on minor things, but the com- 
bustion engine being different from the steam eneine, 
the designer thought the engineer’s practical experience 
was worthless for this case. When the engine was put 
in operation, the designer was the one who had to learn. 
After we looked over the reports that the marine engi- 
neer had written during his supervision, an honest man 
must confess we could have made a better engine if we 
had listened to a practical man. 

On the other hand, the foreman in the shop, who per- 
haps so far has been accustomed to building steam en- 
gines, has to have a little more belief in the designer, 
With this I do not mean to say, as many opponents of 
the Diesel engine claim, that the parts all the way through 
have to be machined to a limit of one-thousandth of an 
inch. IT would not call such an engine commercial, but 
there are certain points that must be considered more 
than has been necessary in steam engineering. I wit- 
We 


had acquired the license from a well-known builder of 


nessed a case where this was carried to an extreme. 


Diesel engines and were told that all moving parts must 
fit so exactly that we made every valve and guide to rec- 
ognized gages; but when the engine was put in operation 
difficulty was had in eliminating the troubles caused by 
too close fits of sliding parts. 

I have just returned from a trip to the East, visiting 
different places where Diesel engines are built. I found 
in Jersey City one shop where the designing, construc- 
tion and operation are all done by one person, the manu- 
facturer himself, which is one way to find out where the 
Diesel engine is lacking. Consequently, this marine Diese] 
leoks reliable. This engine is a four-stroke-cycle marine 
type, but some day the two-stroke-cycle marine Diesel, 
let us say the double-acting type, when studied, designed 
and constructed, taking into consideration the wishes and 
experiences of the designer, the shop engineer and the 
operating engineer, will be equally successful and, I hope, 
will be manufactured and operated in America. 

Mr. Crowly will probably reply that codperation will 
not prevent cracked cylinder heads, bearing troubles, etc. 
I admit this, but it will help to arouse the interest of 
the operating engineer, when we answer his desires. — It 
will then make him love his engine; he will make sugges- 
tions which will help more in the development of the 
engine than the study and patents of ten designers. Fur- 
thermore, we have to interest the chemist and the foun- 
dryman to study the material. That is what | 
unity and codperation of all engineers concerned with: the 
Diesel both 


mean by 


manufacture of engines, stationary and 
marine, 

Mr. Crowly attacks me mostly for my statement! 
the “Secundus.” Here, IT am sorry to state, { 
omitted a part of my communication, and cor 
the impression | wanted to give about the (wo-stroke 


that given 


ibout 
editor 
juently 


cycle marine Diesels was slightly different fre 
in the paper. 

First of all, 1 think the builder of this engine never 
would have built a single-acting two-stroke-cycle engine 
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of that output, had it not been for the pressure of the 
shipping company, which was not willing to wait until 
the tests with a double-acting two-stroke-cycle engine 
were concluded. Moreover, it was the first marine Diesel 
of this builder, who developed this type with very little 
experience in combustion engines. This 
engine was built primarily without 
forced lubrication. Later, the operation 
showed it to be necessary. On the voy- 
age they stretched canvas in front of 
the engine in an effort to keep the oil 
inside of the engine in spite of the oil 
guards, which were later patched on the 
engine. I think under these circum- 
stances I do not need to say any- 
thing in defense of the high oil con- 
sumption, and it is reasonable to assume 
that the second engine would look a 
little different. It cannot be denied 
that one of the greatest difficulties 
of two-stroke-cycle engines has been with the bearings. 
This is an experience all builders of this type have had; 
but when checking up the bearings and considering all 
forces imposed on them, as acceleration forces by the 
masses, ete., we find that the two-stroke-cycle engines have 
at least 30 per cent. less bearing surface per pound pres- 
sure than any four-stroke-cycle engine. This is acting 
under less favorable conditions in addition, as the pres- 
sure on a two-stroke-cycle engine is acting continuously 
on one side of the bearing, thus making it impossible 
to furnish at every revolution a new film of oil between 
journal and bearing, as is the case in the steam engine, 
the four-stroke-cycle Diesel engine and the double-acting 
two-stroke-cycle Diesel engine. 

I am sorry to say that at present we are cut off from 
any news about what is going on in technical matters in 
Europe, since technical newspapers are confiscated in 
England; but I think the marine Diesel has been devel- 
oped during this war more than during any equal period 
of time in former years. Perhaps when we hear about 
their recent achievements our judgment may be different 
from what it is now. 

In conclusion let me point to the Fiat marine Diesels. 
The Fiat-San Giorgio, of Spezia, Italy, is building two- 
stroke-cycle engines; judging from the orders received 
and the big units which they put recently into operation, 
the customers must have great confidence in them. 

I personally wish to state that I never represented thie 
single-acting two-stroke-cycle marine Diesels one-sidedly, 
but I made my statements with the idea of giving a square 
deal to both the four- and the two-stroke-cycle engines. 

St. Louis, Mo. H. Scrreck. 
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Truing Exciter Commutators 


I have charge of three alternators with direct-connected 
exciters. My method of truing the exciter commutators 
is shown by the illustrations. ‘Two fixed planes are formed 
by irons bent at right angles, brought over the commu- 
tator and held in position on the frame by setscrews, a 
part of the angle iron being cut away for this purpose, as 
shown. The projecting planes are made parallel with 
the commutator, and a slot permits adjustment. The 
commutator is then run at normal speed, and _a flat smooth 
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METHOD OF APPLYING FILE 
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file is carefully and slowly pushed over the planes. The file 
cuts away a part of the planes and also the commutator. 

By carefully working the file across the planes, the face 
of the commutator is made true. Ample use of chalk on 
the file will help to prevent it from tearing the copper. 
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FIG. 2. 


BRUSH SET BY GAGE 


When finishing, frequently clean the file. Use chalk, and 
by light, slow filing a very nice surface can be made. It 
will be necessary to check the filing by using a small steel 
straight-edge to keep the face of the commutator straight. 
The filing finished, take the same file and wrap around it 
a sheet of fine sandpaper and push it slowly over the 
planes, gradually moving it over the entire face. It is 
necessary to have the bearings of the excitet a good work- 
ing fit. This method can be adopted to true any commu- 
tator by hand, and when the fixings are once made, they 
can quickly be put in place. 

When this work is finished, I wrap a piece of paper 
around the commutator and make the two ends just meet, 
giving the actual length of the commutator, and then 
mark off six equal divisions for the six brushes. The 
paper is put back again, and the brushes are all set to an 
angle of 10 deg. from the periphery in the direction of 
rotation, by means of a gage. I carefully bed each brush 
with sandpaper in its own place. I have followed this 
procedure for the past two years, and the results are 
quite satisfactory. B. J. BELL. 

Transvaal, South Africa. 


Co, Recorder 


In reply to Mr. Priefer’s question in the issue of Aug. 1. 
page 178, as to whether it would be worth while to install 
a CO, recorder in a small plant and where it should be 
located, | would say that such an instrument pays for it- 
self in time in any plant, and the length of time required 
depends on several conditions. Proper interpretation of 
readings is important. 


im Small Plants 


One of the principal factors in power-plant operation 
is human nature. The average man grows careless at 
times when he knows there is no direct check on his work. 
It is during these spells that the “ultimate efficiency” sul- 
fers. A recorder furnishes a constant check which tends to 
eliminate that very human tendency—carelessness. The 
following facts regarding a recorder installation which 
came under the observation of the writer may be of in- 
terest: 

The plant was averaging 9 per cent. CO, and was con- 
sidered to be operating efficiently. A recorder costing 
$300 and equipped with a low-efficiency alarm was in- 
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stalled in the chiefs office, out of sight of the men. At 
first the alarm bell, in the fire was set to ring 
when the CO, dropped below 9 per cent. Within a week 
the CO, averaged 13 per cent., making a saving of ap- 
proximately 6 per cent., and the low limit was raised to 
i} per cent, 

The firemen were determined if possible not to ring that 
bell. As they did not have the chart in sight, they could 
not tell just how near they were to the ringing point; so 
in order to play safe they kept on the job, doing their best 
continuously. The CO, average was chalked on the boiler 
fronts every watch, to keep up interest. This experience 
should make clear where a recorder should be placed. The 
coal bill of $20 per 24-hr. day was cut approximately 
$1.20 per day, so that the recorder will pay for itself 
easily inside of a year. 

A little attention all the time instead of a lot of at- 
tention some of the time is sure to result in higher 
efficiency. A. H. PoHLMAN. 

Brooklyn, N. Y. 


room, 


Exhaust-Box Cover 


The exhaust gases of a large twin oil engine were con- 
ducted independently from each cylinder through a 14-in. 
steel pipe to a reinforced-concrete exhaust box, or muffler, 
having a 24-in. manhole cover to allow for inspection. 
There were two baffles in the muffler to change the direc- 
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PART OF COVER 
tion of gas travel, and two 12-in. steel pipes, 20 ft. long, 
| roof. 
failed to ig- 


ed the gases above the level of the engine-room 
Somehow when starting up, one cylinder 
hite the other 
The unconsumed oil from the first side was carried even- 
tually to the muffler. 
cugine, it labored heavily for a minutes and then 
hevan firing on both cylinders. After a few impulses, 
ever, there occurred an explosion in the exhaust pipe 

il utter 
cooshing through the engine-room roof. 


{ 
j 


the heavy oil, and side carried the load, 
When more load was put on the 


few 


tank, and suddenly the heavy cover came 
was called upon to design a cover for the exhaust 
hat would be safe and the 


etch shows the scheme that was adopted. ‘This cured 


under such conditions, 


>W 


31% 
the trouble. Although but one such explosion has oc 
curred since, nothing was noticed except that the fou 
to their limits and then returned to their 
seats without damage. The springs were light; and 
there were twelve on each relief they were able to 


covers Tose 
cover, 
dissipate the energy of the explosion. 

New York City. D. L. Faa@nan. 
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Something About Formulas 


What is a formula? Simply a rule, stated without 
words, in which the quantities are represented by lettcrs. 
symbols or figures and all operations for solving are indi- 
cated by signs and by the relative positions of the several 
quantities. Illustration: To find the area of a rectangular 
plane a given number of feet length designated as L 
and width called W. The area A is the product of the 
length multiplied by the width and if set forth as a 
formula, is L & W = A, by which the area of any reet- 
angular plane may be ascertained by grpngenne numeri- 
cal values. If L, for example, equals 12 ft. and W 10 ft., 
then A (the area) will equal 12 times an or 120 ft. 

To find the width when the area and length are known, 


the formula is stated W = 


120) 
12 ) 


by that below 


7 . or width equals 120 divided 


The value above the line is to be 


by 12 (1 


divided the line. 


A 
W” 


20\ 
10 ) The act 


, as shown, 


In a similar manner the length may be found: L 


or length equals 120 divided by 10 (4 - 


of rearranging the factors , Wand A is called 
transposing and is the same in all formulas. 

One of the first formulas the power-plant student meets 
is Ip. = oe 
39,000 
the horsepower of an engine (//p.) may be found by the 
continued product of 


which, expressed in words, means that 


the mean effective pressure on the 
) pounds per square inch (7’), the length of the 
a foot (1), the area of the 
inches (4), and the number of strokes 
this continued product is then divided 


piston 
stroke in feet or fracton of 
piston in 
per minute (NV) ; 
O00, 


square 


hy 33 

A horsepower is the power necessary to raise 33,000 Th. 
vertically 1 ft. in one minute or any combination of feet 
and pounds which multiplied together to make the equiv- 
alent of 33,000 foot-pounds per minute—as for instance, 
3.300 Ib. raised 10 ft. in one minute, or 100 Tb. 
ft. in one minute, or 550 Ib. raised 1 ft. 


Assume an engine having a mean or average pressure o! 


raised 330 
in one second, 
50 Ib. per sq.in. acting on its piston with a stroke of I 
n. (1 ft.) anda piston with an effective area of 100 sq.in, 
DOO strokes, per 
The horsepower worked out with these values substituted 


running at 250 revolutions, or minute. 


in the formula) for the symbols PLAN would be 
50 1x 100 K 500) 
Hp. = x oa = 75.8 
33,000 


This engine formula is generally met with in the form 
given, because it is usually the horsepower of an engine 
that is required, but the values may be rearranged so that 
any one unknown quantity out of the five may be ascer- 
tained from the four known. ‘The simplest way to make 


the change is to first eliminate the denominator im the 
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second member of the formula, which is done by trans- 
posing the quantities in the denominator to the other side 
of the formula. Thus transposed it will read, [7p X 
33,000 = PLAN, and the formula is now in shape to 
transpose in any way desired. For instance, suppose an 
engine is to develop a certain horsepower and the length 
and number of strokes and size of the cylinder are all 
fixed and are represented by LAN. There remains to be 
determined, then, the mean effective pressure P. The con- 
stants LAN become the denominator or “the other side,” 
and 33,000 x JZp. becomes the numerator of the formula, 
33,000 Hp. 


read — = P,o P = 


after which it will TAN 


33,000 Hp. 
LAN — 

formula. 
Proceeding in a similar manner, to find the area of the 

33,000 Hp. 


and may be designated as the pressure 


piston in square inches, A = to find the 


PLN 
33,000 Hp. 
length of stroke in feet, L = 5 i V P 4 and to find the 
a 33,000 Hyp. 


number of strokes per minute, V = — PLA * 

Proof: stated as an equality, the whole of the denom- 
inator multiplied by the value sought (when found) must 
equal the numerator, as before stated. 

The transposition of the horsepower formula and that 
dealing with the length, width and area of a rectangular 
plane, as explained, involve the same principles and should 
vo a long way in clearing up the trouble that many begin- 
ners experience when called on to use a “rule without 
words.” The essential thing to know is what the various 
symbols represent in numerical quantities and the relation 
each bears to the others. With these fixed securely in 
mind and with an understanding of transposition, simple 
formulas should cease to be a mystery. 

Washington, D. C. H. G. Gipson. 
ea 


Massachusetts Beard of Boiler 
Rules and A. S. M. E. Code 


Our attention has been called to an editorial on page 
135 of the issue of July 25, entitled “Massachusetts Board 
of Boiler Rules and A. 8. M. E. Code,” the spirit of which 
is highly commendatory, but which contains one or two 
statements that need qualification. 

We do not know of any “repulsion between the two 
bodies” as mentioned in the first paragraph, for when the 
A. S. M. E. Code was first formulated, this board was in 
correspondence with the society and furnished copies of 
our literature (steam-boiler rules, boiler-inspection law, 
engineers and firemen’s license law, ete.), later keeping 
them fully posted concerning the changes that we proposed 
to make in our steam-boiler rules from time to time. Our 
attitude has never changed, although for a long time past 
the A. S. M. E. seems to have delegated the Code to the 
care of other hands. 

The third paragraph states that “outside manufacturers 
are obliged to carry special stocks and to go through a lot 
of ved tape.” A glance at the list of manufacturers au- 


thorized to construct “Massachusetts Standard” boilers 
shows that of the 116 manufacturers only 32 are located in 
New England and that 84 are in other parts of the 
country, notably New York, Pennsylvania, Maryland, 
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Ohio, Illinois, Indiana, Michigan and Minnesota. No spe- 
cial complaint has been received by this board from any 
of the 84 outside manufacturers in regard to carrying spe-- 
cial stocks or going through a lot of red tape. In fact, the 
only red tape is to make out the data report, ete., called 
for in the Rules, which is not considered a hardship. 

The fourth paragraph states that perhaps the New Eng- 
land user of steam boilers is being exploited and goes on 
to aver that only a few boiler makers local to New England 
are equipped to build a “Massachusetts Standard” boile:. 
We think you will see, by comparing the 84 authorized 
manufacturers outside of New England with the 32 in 
New England, that the foregoing statement is in error. 

GEORGE A. Luck, 
Chairman, Board of Boiler Rules. 


Boston, Mass. 


Truing up Oil Rings 


The letter on “Truing up Oil Rings” in the issue of 
July 18, page 106, suggests a good way of setting right 
oiling rings that have become bent or distorted, but it 
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: My 
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TENSION PUT ON RING WITH TAPERED PINS 


does not always take care of the ring that has stuck 
in some one place long enough to wear a slight concave 
spot in the metal. ‘This was done in a way that did 
not require the accurate preliminary fitting demanded 
by the curved segment proposed by Mr. Fox in his 
letter. ° 

Two tapering hardwood pins were turned up, with a 
minimum diameter slightly than the clearance 
between ring and shaft, in the position shown in the 


less 


illustration with Mr. Fox’s letter, and with a maxi- 
mum slightly greater in diameter. The pins were 


then slipped under the ring from opposite sides, until 
the ring was pulled closely against the shaft and held 
there. One of the pins was then turned with a pip: 
wrench on the protruding end, and the ring grad- 
ually revolved around the shaft under the strain im- 
posed by wedging the pins. After the pins had been 
turned until they reached the edge of the lower bearing 
half, the shaft was revolved enough to present another 
segment on which to work the rollers. 
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A little more than a complete revolution of the shaft, 
amounting to about three revolutions of the ring, was 
all that was necessary, and the wooden pins were then 


driven out and the ring put into service. A number of 

distorted rings were so treated, and all gave good 

service. CHARLES C. LYNDE. 
Pittsburgh, Penn. 


Oiling-System Improvement 


The regulating or distributing valves from the elevated 
supply tank of the self-contained engine oiling systems 
of our plant often became stopped up with small particles. 
After the oil passed through the various bearings, it 
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PIPE EXTENSION AND STRAINER IN OIL RESERVOIR 


drained through a rather coarse strainer to the pump at 
the base of the engine, thence to the reservoir on the top 
of the engine, through a pipe entering the bottom, as 
shown. As the incoming oil entered with considerable 
force, it kept the oil in the reservoir stirred up all the 
time. 

In order to relieve these conditions the 14-in. pipe was 
extended from the bottom to the top and arranged to dis- 
charge the oil through a fine-mesh wire screen. This ar- 
rangement, in addition to removing the solid particles, 
vives the oil in the reservoir a chance to settle at the 
bottom. R. L. Hervey. 

Washington, D. C. 


Poor Plant Design Expensive 


Poor judgment or ignorance exercised in the laying 
out or design of any part of a power plant is almost 
sure to prove expensive in the end. This fact was once 
made evident to me in a plant where I worked. In this 
particular instance poer design in the laying out of the 
00-ft. steam main caused a shutdown of three days while 
a new engine part was being obtained from the factory. 

The engine was a Westinghouse vertical eompound. 
The steam line ran from the boiler to a header and from 
‘his to the engine. There were two right-angle elbows 

tween the boiler and the header and six between the 

ader and the engine. The steam line dropped vertically 
0 the back of the engine and then through a right- 
igle elbow into the steam chest. The bleeders from 
‘e high- and low-pressure cylinders were connected to- 
gether, and the pipe from them was tapped into the 
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exhaust line. The engine was used to run two generators, 
connected either in parallel or run singly. 

One night I started up the engine after having bled the 
header and cylinders thoroughly. It ran all right until 1 
threw on the load of the generators. I was on my way back 
to the engine, when suddenly it began to knock and 
water spurted from the relief ports on the cylinders 
It was shut down as quickly as possible, but not before 
the rocker-arm that actuated the steam valve was broken. 

The accident was due to the rapid condensation of the 
steam, owing to the excessive number of right-angle 
elbows used and to the fact that the cylinders could not 
bleed properly because the water from the high-pressure 
cylinder could blow over into the lower-pressure one. 
The bleeder from the header was tapped in at the end 
about one inch above the bottom and did not drain the 
header properly. W. W. Parker. 

Ames, Iowa. 

& 
Superheating Exhaust Steam 


In the issue of June 20, page 885, A. Bradshaw suggests 
heating exhaust steam, but it is not clear just how it is 
to be done. 

Superheating by the boiler gases will not be a simple 
matter, because of the large specific volume of the exhaust 
steam. A superheater installed under the conditions of 
a high-pressure superheater, at the top of the first and 
second passes of the boiler, would have to be three or four 
times the size of a regular superheater, and a glance at 
the cramped space will reveal the difficulties. Also the 
low heat conductivity of low-pressure as compared with 
high-pressure steam would require a further increase in 
heating surface. If the superheater is placed in the flue 
with a gas temperature of only 500 deg., there will be a 
low rate of heat transfer, so that to get the same super- 
heat as if located in the usual position, a superheater of 
twice the surface will be required. Finally, in the ordi- 
nary industrial plant the engine units may be at a con- 
siderable distance from the boilers and the heavy invest- 
ment in long lines of large exhaust mains to and from 
the boiler room would add to the other excessive costs 
and nullify the saving. 

Assume that the annual investment, fixed and operating 
charges on a superheater alone capable of adding 110 deg. 
F. to exhaust steam for a 400 boiler horsepower plant are 
$450. Assume also 32 Ib. water evaporated per boiler 
horsepower-hour and the total cost of steam at 15c. per 
1,000,000 B.t.u. The B.t.u. in superheat = 52 per lb. of 
dry exhaust. B.t.u. per hour reclaimed by the superheater 
= 32 & 400 X 52 665,600. Dollars reclaimed per 
h . ., 665,600 

or ae Oe X 1,000,000 
— 24 & 365 =8,760 and & $0.0998 = $874.59 earned 
Hours operation of superheater 

450 

0.0998 


= $0.0998. Hours per year 


required to. reclaim 


$450 = 10. Per cent. of total time heat 


1.510 
must be utilized to pay for cost of superheater = ~“8() 
,40 

= 52. 
The economics of the proposition is determined |y local 


conditions, but unless the engines are located very close 
to the boiler room and the price of coal is high and the 
heat is required practically continuously, the proposition 
cannot be considered. 
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Mechanically, it is a simple problem to superheat dry 
exhaust steam at 5 or 10 lb. pressure up to the tempera- 
ture of the live steam at 100 Ib. pressure in a reheater. 
Sut it is impossible to get something for nothing. In other 
words, for every pound of exhaust steam so superheated, 
there must be a corresponding loss of available heat in the 
live steam used in the reheater. 

It may be that in Mr. Bradshaw’s plant he proposes to 
transnuc the exhaust a considerable distance and by super 
heating hopes to reduce radiation loss. Superheated 
steam, like a gas, is more stable as regards condensation 
than saturated steam and has poorer heat-conducting 
qualities. Inclosed in pipes, it will lose less heat through 
pipe radiation than saturated steam at the same temper- 
But it is certain that superheating the steam to 
110 deg. hotter than the saturated exhaust will not 
produce economy in this direction. A good 85 per cent. 
magnesia covering will keep in all but 10 or 15 per cent. 
of the heat that would be radiated with bare pipes and 
saturated steam, and except in a transmission system of 
unusual length, the saving in radiation due to superheat 
with lagged pipes would be insignificant. 

It is therefore assumed that the idea of superheating 
the exhaust is to use it for heating at a temperature higher 
than the temperature of dry steam at 5 or 10 Ib. pressure. 
Ifowever, just as soon as this superheated steam begins 
{o give up heat in the heating process, the superheat will 
le withdrawn in proportion to the amount of heating 
done, and it requires the utilization of only a small pro- 
portion of the total heat in the superheated steam to lower 
its temperature to that of saturated steam. As a heating 
proposition there is practically nothing in superheating 
exhaust. 

The following data and computations illustrate the 
point : 

Assume moisture to be eliminated from the exhaust by 
means of separators and traps. 


afure. 


100 Ib. 

5 Ib, 
338 deg. F. 
228 deg. F. 
338 deg. I’. 


Pressure of live steam 

Pressure of exhaust stearn 

Temperature of live steam dry 
Temperature of exhaust steam dry 
Temperature of exhaust steam superheated 


From Marks & Davis Steam Tables: 


uu nu 


Total heat in 1 lb. dry exhaust = 1,156.2 B.t.u. 
Total heat in 1 lb. superheated exhaust = 1,208.2 B.t.u, 
Total heat in. 1 Ib. oaded by superheat = 52.0 B.t.u. 
Per cent. total heat in 1 lb. dry exhaust added by superheat = 4.5 per cent, 
Per cent. total heat in 1 lb. superheated exhaust added by superheat 

= 4.3 per cent. 

This means that at a considerable investment for a 
rcheater, only 4.5 per cent. of the heat could be added to 
the exhaust steam, and this only at a corresponding loss 
in heat taken from the live steam. Also, by the time 4.3 
per cent. of the heat in this exhaust steam had been 
utilized in heating, the temperature of the exhaust steam 
would have dropped to 228 deg., or the temperature of 
the exhaust before being superheated. 

If only 1 per cent. of the heat of the superheated 
exhaust had been utilized in heating, the total heat per 
pound of exhaust steam rejected would equal 1,208.2— 
12.1 = 1,196.1 B.t.u. This would correspond to a super- 
heat of 84.3 or a temperature of 228 4- 84.8 = 312.3. 
That is, the temperature of the exhaust would drop 26 
deg. with the utilization of only 1 per cent. of the heat. 

The real advantage in using exhaust steam for heating 
is that most of the heat in steam is latent heat, which can 
he abstracted by condensing the steam without lowering 
the temperature. This heat is partly available for me- 
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chanical power, but almost totally available for heating 
That is, latent heat in 1 lb. dry steam at 228 
deg. = 960 B.t.u.; heat in 1 lb. water at 228 deg. = 196.2 
B.t.u.; and the per cent. of total heat that can be ab- 
stracted from dry steam at 5 lb. pressure for heating with- 
960 
1,156.2 — 
If the drip must be lost for any reason such as oil 
pollution or cost of return, the per cent.-of the total heat 
in drv exhaust at 5 Ib. pressure lost = 17. In proportion 
to the value of the latent heat, which can be abstracted 


purposes. 


> 


out lowering its temperature Sv. 


without lowering the temperature of the steam, the super- 


5 
gar oF only 5.4 per cent. 
”») 


It is true that a turbine operating with superheated 
steam will have greater efliciency than when operating 
with saturated steam, both in the theoretical cycle and the 
practical application, but the principal saving is due to 


heat 


friction losses, whether mn a 
high- or a low-pressure turbine. 


Brooklyn, N. Y. 


lessened condensation and 


HaybLetr O'NEILL. 


Key for Stuffing-Box Body 


Small stuffing-boxes that screw into the cylinder are 
made secure by many different methods. Some are fast- 
ened by riveting, but it is difficult to get them out if 
necessary. 

The illustration shows a quick and simple way of secur- 
ing the box, and there is no danger of the key getting out 
into the clearance space between the piston and the head. 
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PINS PREVENT BODY FROM UNSCREWING 

The kevhole is drilled, as is customary, half in the box 
and half in the metal of the head. A pin or key driven 
in is of such a size that it is a firm driving fit in the hole. 
but it is of such a length that it can be driven with a punch 
about ;'; in. below the surface of the box and head. This 
permits a good portion of the two to be peened over, part!) 
closing the hole at the end of the pin to hold it firm) 
in place. 

I have set boxes in this manner in many stationary 
and portable air compressors, of which service records were 
carefully kept, and not a single case of a loose box is reg- 
istered against this manner of locking them in place. 
Missouri Valley, Towa. F. W. Bentriey, Jn. 
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Wetting Coal To Reduce Waste 


In the issue of Aug. 1, page 177, I read with interest 
the letter by Mr. McGillivray on wetting coal before it 
enters the stokers, particularly as I have heard it dis- 
cussed quite frequently and have read technical papers 
by combustion experts. I believe that nine out of every 
ten are of the opinion that any water put on the coal 
immediately before it enters the furnace is the waste of 
as many B.t.u. as is required to transform the water 
into vapor, which passes out with the gases to the stack. 

It is evident Mr. McGillivray introduces a small 
evil to avoid greater ones. Theoretically it seems axi- 
omatic that the water put on the coal must be vaporized 
at the expense of so many B.t.u. that are utterly lost 
in so far as the generation of steam in the boiler is con- 
cerned. In a certain modern plant carrying both a rail- 
way and a commercial load, Indiana screenings from the 
fourth, fifth and sixth veins (mostly of the latter two 
veins) are used on chain-grate stokers. The demand for 
three-minute to half-hour periods are comparatively high 
at certain times of the day, while the commercial load is 
fairly uniform, but the plant must be prepared to carry 
comparatively high peaks without advance notice. 

With this load and with coal averaging about 10,400 
B.t.u., good results are obtained by wetting the coal 
thoroughly as it drops into the stoker magazines by hav- 
ing a perforated pipe running parallel to and about two 
feet above them. Whenever the chute valve is opened to 
supply coal, the water is turned on and the coal is made 
so wet that the water drips from it up to the time it passes 
under the furnace gate. These boilers carry from 150 to 
175 per cent. rating regularly and during peak periods 
often go to 225 per cent. The ignition is all that could 
be desired, the furnace efficiency is good, and the CO, 
under all conditions runs from 12 to 14.5 per cent. The 
evaporation compares favorably with the best in the coun- 
try, as I know by comparison. Although this method of 
firing is condemned in theory, the “proof of the pudding 
ix in the eating.” C. A. Morris. 

Michigan City, Ind. 





Mr. McGillivray’s letter opens up a subject that is of 
interest in several ways, for wetting coal is practically a 
universal practice. In the small power plant it is common 
to see a man standing hose in hand, wetting the coal be- 
lore it is thrown into the furnace; and in the large cen- 
tral station the same thing is done only in a different 
way—carloads are wetted at one time. 

As a matter of curiosity I have asked engineers, when 
Visiting numerous plants, why they water their coal. 
Many say they do not know; some say that since water 
contains hydrogen and oxygen the coal takes the oxygen 
from the water and liberates the hydrogen, which is burnt 
in the furnace ; others say that the coal burns better. 

\ little consideration will show that watering results in 
i decrease in the heating value of coal, as the amount of 
heat required to separate the hydrogen of the water from 
(he oxygen with which it is combined is exactly the 

ne amount that must be obtained by the complete com- 
bustion of the hydrogen in the furnace. If any of the 
hydrogen is liberated unburned up the stack, which is 
quite probable, there will be a loss of heat instead of a 
ain. But irrespective of the heat loss due to the possi- 
escape of unburned hydrogen, there is a further loss. 
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When hydrogen is burned it is transformed into water 
vapor and thus passes up the chimney in the form of 
steam. It takes heat to convert water into steam at at- 
mospheric pressure and then superheat this steam to a 
temperature corresponding to that of the flue gases. 

The practice does not improve the heating value. 
Therefore, why is coal watered? Moisture is deleterious 
to coal; it lowers the thermal efficiency of the furnace and 
may cause corrosion troubles with the assistance of soot 
upon metallic Many specifications for coal 
stipulate the maximum percentage of moisture permitted, 
because of its lower heating value and increased haulage 
charges. 

Coal is wetted, as explained by Mr. McGillivray, be- 
cause the physical advantages are greater than the chem- 
ical disadvantages. When coal is dampened the very 
small lumps and dust particles tend to cling together in- 
stead of being blown around, falling through grates and 
hoppers or being blown up the chimney unburned, where 
forced draft and high air velocities are in use. 


surfaces. 


Holes in 
the fire are prevented, resulting in better combustion, and 
less coal is wasted in the ashpit. Some claim that damp- 
ened coal has less tendency to clinker; and when clinker 
forms, it is softer and less troublesome to remove. Accord- 
ingly, coal is wetted, not for chemical, but for physical 
reasons. R. K. 


Chicago, Il. 


LONG. 
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What Caused the Wreck? 


A duplex double-acting power pump in which the writer 
is interested has recently broken down in a manner that 
is mystifying. 

The pump is driven by a belt and gearing at a speed 
of 50 r.p.m. The crank radius is 12 in.; the crankpins 
are 614 in. diameter and 41% in. long (center cranks). 
The wristpins are 334 in, diameter and 4% in. long. 
The pressure carried is such that the total maximum load 
on the crank and wristpins is 24,000 Ib. 

The crankpin boxes are babbitted, and the wristpin 
boxes are of bronze. 
type 


The connecting-rod is of the marine 
and 50 in. long. On inspection after the break- 
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down occurred the T-end of the connecting-rod was found 
to have become detached from the crankpin boxes by the 
breakage of the two bolts connecting the boxes to the 
rod. The loose end of the rod had knocked a big hole 
in the end of the frame, and the rod was slightly bent. 

One of the two studs fastening the lower crankpin 
boxes to the connecting-red end apparently let go first, 
the break being at the junction of the plain and threaded 
part of the bolt and just inside the T-head of the connect- 
ing-rod. The bolt hole in the T-end was not threaded, 
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hut was recessed, and the bolt was passed through 
and held between a collar turned on it and a nut. The 
location of the break in this bolt is shown at A. This 
1%4-in. machine-steel bolt was apparently pulled squarely 
in two, and the remaining bolt then bent until it broke 
in about the same place as the first one. 

The wristpin, the crankpin and the connecting-rod 
hoxes were badly scored, the wristpin end being the worst. 
The fractured surfaces show good material without flaws. 

Can any of your readers advance a reason for this 
breakdown ? B. P. Gouper. 

Leonia, N. J. 
aS 


University Extension Work 


In the issue of July 4, page 24, there appeared an 
article on the possibilities of getting instruction in engi- 
neering, as well as other subjects, through the extension 
division of our colleges. This fact should be emphasized. 
In conversations with draftsmen and machinists IT have 
discovered that the possibilities and advantages of such 
an arrangement are not generally known. 

It is understood, of course, that most men find a stimu- 
lus in working together and apply themselves either from 
pride in their ability to keep up with their class or fear of 
being unclassed, or they learn simply from personal con- 
tact with one another in the classroom. The instructor in 
a certain sense is a taskmaster or a leader and a means of 
overcoming the pitfalls and obstacles. The usual young 
‘ellow finds, therefore, for one reason or another, that 
classroom work is easier than study by himself at home, 
vet by reason of limited means the majority of men must 
take up evening-school work or get assignments and in- 
struction by mail. 

Certain subjects cannot be given except to classes, such 
as the laboratory courses, where expensive apparatus or 
machines are required, but the lecture or recitation type of 
work can be taken by mail with considerable success. In 
fact the university campus may be made to extend over 
every square mile of the state or country. 

I would like to make clear and emphasize the advantage 
of the extension divisions of universities over correspond- 
ence schools conducted as business enterprises. While the 
correspondence-school courses are, as a rule, written by 
first-class engineers or teachers, the students’ papers are 
usually corrected by clerks who have the answers to all 
the questions worked out for them, so that if the answer 

—]2 


— ’ 7 ' 
to a problem is given by the formula TT then the use ol 


mr? would be marked wrong. Again, frequently the 
student pays for a long and expensive course of which only 
au part is completed. A large majority I believe fail to 
complete the courses which they start. On the other hand, 
ihe extension division in the state universities has as its 
iirst aim the rendering of service to the people without 
monetary consideration. Instructors may devote all thedr 
time to extension work, or in certain 
popular, instructors in the regular session give part time 
to extension work. These instructors may write a con- 
densed textbook in the form of assignments, or assign 
lessons with special instruction from a regular textbook, 
or give special lectures in different parts of the state. The 
students’ papers and drawings receive more individual 
care in their correction than would be given to those of 
the regular college man. 


courses not so 
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As to the cost of the work, the student is required to 
pay only part of the expenses of the office work and of 
the instructor and the state pays the remainder. It is 
the desire of the extension department that each student 
complete the course he elects, and university credit. is 
usually given on the satisfactory completion of the course, 
so that a student with determination may be able to secure 
in this way more than 50 per cent. of the credits required 
for a degree. 

I have at present a student who expects to get a degree 
in engineering by only one year of “resident study.” He 
manages to take some evening work in laboratory courses 
as well as the correspondence extension work. One man 
completed a course in steam engineering while employed 
in a small power house in Alaska, and another took a 
course tm machine design while working in a mining cam) 
in Utah. 
is not as satisfactory as in classes, it is certainly achieving 
IH. J. MAcInTIRE, 

Assistant Professor of Mechanical Engineering, 
Seattle, Wash. University of Washington. 


While the instruction through correspondence 


a real success. 


Ko 
Is the Gage Full or Empty? 

A handy way to determine whether a gage-glass is 
full or empty is to hold a bright-colored lead pencil be- 
hind the glass between the eye and the light. If the 
glass is full, that portion of the pencil back of the glass 
will appear to take the position (CD shown in the illus- 
tration, and if the glass is empty it will appear as 7G. 








DEFLECTION OF VISION THROUGH A LIQUID 


In other words, the center line will fall below the pencil 
point or the line AB if full and above the point if empty. 
The amount of the deflection depends upon the condition 
of the glass as to oil, etc., and upon the character of 
the liquid in the glass. With anhydrous ammonia the 
deflection is very marked and the method positive and 
useful. By holding a white paper back of the pencil, 
the deflection is brought out more clearly. 
Atlanta, Ga. G. A. Ropertson. 
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Lighting-Plant Experiences 
By C. V. Huu 


In a small lighting plant which consisted of a 9-hp. 
specially designed gasoline engine for lighting work, belt- 
connected to a 110-volt compound dynamo, the dynamo 
furnished light for two store buildings, a warehouse and 
other smaller buildings. 

Fig. 1 shows the wiring arrangement. The switches 
were so arranged that the buildings could be lighted by 
the gas-engine plant or by city current. Current for a 
number of offices and the post office was taken from the 
street circuit as indicated in the figure. When S, was 
closed and SN, open the load on the three-wire city mains 
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FIG. 1. SHOWS WIRING ARRANGEMENT FOR THE 


GENERATOR AND STREET CIRCUIT 


was fairly well balanced. It would have been better if 
a double-pole double-throw switch had been used as shown 
in Fig. 2. Then there would have been no danger of 
vetting the dynamo and the street circuit connected 
together. 

We had a number of interesting experiences with this 
switch arrangement. One evening the engine seemed to 
he running very easy though the lights were normal. 
Upon investigating to see what was wrong, switches S, 
and S, were both found closed. The voltage of the dynamo 


heing slightly lower than the street circuit it was 
therefore not taking any of the load. When S, was 


opened the engine settled down to work. Another night 
one of the men could not get the circuit-breaker to stay 
in. After a time it was found that switches S, and S, 
were again closed. This time the voltage of the dynamo 
was higher than that of the street circuit, consequently 
it pumped back into the street mains. 

After the plant was in operation for a while troubles 
began to develop. The commutator used to gum so badly 
that the dynamo would not always generate. It was the 

ual thing to hold a piece of cloth soaked in gasoline 
ivainst the running commutator to clean off this grease. 
“his was very bad practice, for the cloth caught fire one 

vht and a serious blaze was narrowly averted. 

The gumming of the commutator must have been due 

the oil used in the bearings. The instructions sent 
vith the dynamo called for high-grade oil and we used 
“Wing-machine oil. It worked out of the bearings and 

ito the commutator. The trouble was made worse be- 
cause we were afraid we would burn out the bearings and 
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used too much oil. LT wish [knew what it cost to oil that 
dynamo with oil in bottles. 

Flickering of the lights or rather sudden changes in 
the intensity of the light gave us the most trouble. At 
times they burned well; at others they went from red 
to white and back again with surprising frequency. | 
remember that I spent hours tracing the wiring from the 
blueprint which came with the dynamo. Perhaps | 
should not have known if something was wrong. Every 
brush and brush holder was removed and thoroughly 
cleaned. But the variation in the lights still continued 
and was very annoying. 

Then a more experienced man helped me, who sug- 
gested that we take the governor apart. 
cleaned and polished and each part seemed to fit perfectly. 


very piece was 


Yet the results were nil and new parts were ordered and 
put on the governor. The results were no better than 
before. 

Finally after a number of weeks of fussing we tight 
ened the drive belt and this remedied the trouble. Since 
that time I have seen plenty of trouble from loose belts. 
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In this case I think the oil which worked from the main 
hearing of the engine to the fly-wheel rim and from the 
dynamo bearing to the pulley surface had something to 
do with the slipping. After the belt was tightened as it 
should be the engine and dynamo required but little 
aitention, 


Feeding Boilers Cold Water 


By J. LEW IS 


There seems to be entirely too much stress placed upon 
the alleged injurious effect produced by feeding boilers 
with cold water. It is hard to believe that cold water en- 
tering a boiler well below the water line, and diffused 
as it must be on entering the body of the hot water in 
rapid circulation in the boiler, can possibly produce the 
injurious effects we read about-—much less if sprayed into 
the steam space. Take, for example, a locomotive-type 
boiler with its feed pipe entering well to the front and 
the water line. The low-temperature entering 
water would be thoroughly mixed with the water already 
in the had traversed any 
distance within the boiler. 


below 


boiler before it considerable 


Granting that it does reach 


and affect the first tube or pair of tubes directly opposite 
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the entrance, the distance lengthwise affected certainly 
cannot be very great, so that applying the coefficient of 
expansion and the extreme range in temperature, the 
movement or shortening of the tube cannot be enough to 
affect it seriously. 

The foregoing contemplates a sudden change in temper- 
ature, but if the cold feed water enters continuously, 
there will be no change in the tube temperature when 
once established, therefore there can be no possible evil re- 
sults. The change in temperature inside of a fire tube or 
outside of a water tube is vastly greater when the furnace 
door is left open with a strong draft than can possibly be 
caused by cold feed water. The temperature within the 
firebox of a locomotive-type boiler, upward of 2,000 deg. 
F. during the time the fire is in its best condition, may 
he lowered several hundred degrees in a few moments, so 
that the range of temperature on the fire side is more 
extreme than that on the water side of the tube in any 
case, 

The notion that it is wrong to introduce water into a 
boiler when the level is abnormally low is rapidly being 
relegated to the limbo of mistaken notions, and along with 
it should go this notion of cold feed water producing dis- 
astrous effects. 

Far be it from me to advocate the reckless use and 
abuse of boilers by allowing the water level to become 
low or subjecting them to extreme changes in temperature 
in any manner, but if a voung man is told that if the water 
becomes low the boiler is sure to explode or that if cold 
water is sent in it is going to do a lot of damage, when 
we know that sooner or later he will do as we have all 
done and find out that these things do not often occur, 
he is apt to lose confidence in what is told him in the fu- 
ture. In fact, if called upon to explode a boiler with 
‘“neatness and dispatch” L hardly know how [ would pro- 
ceed to do it without employing the drastic expedient of 
fastening down the safety valve and building up a good 
hot fire so as to produce excessive pressure. It is fortunate 
indeed that boilers do not explode every time the water is 
allowed to get below the normal level and is pumped up 
again, or misbehave at every change in the temperature 
of the feed water. If they did, I fear the boiler 
maker would be the busiest man in the land, pro- 
vided there were enough engineers left to use the boilers 
he could produce by working overtime. My practice is to 
exercise diligence to keep the water in sight always, but 
if lost, get it back into sight as quickly as possible. This 
is written in the hope of starting a wholesome and profit- 
able discussion. 


A Umique Air-Pressure Relay 
By Frank C. PERKINS 


In view of the importance of positively maintaining 
the forced-air circulation in air-cooled transformers, it is 
advisable to provide all transformers with indicators ar- 
ranged to operate an audible alarm to notify operators cf 
failure of air supply. A pressure relay for this purpose 
is shown in the illustration. It will be seen that this 
device consists of a cup-shaped metal base, so arranged 
as to provide for the free movement and support of a 
ground aluminum valve plate, which carries a post sup- 
porting a contact disk ),. The lower part of the metal 
base is arranged for screwing on a 2-in. iron pipe. This 
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pipe is used for the purpose of connecting the relay with 
the air chamber. The two contact points C are ar- 
ranged on the top of the casing, so that the disk, which 
is fastened to the valve post, will drop on them and close 
the circuit when the pressure in the air chamber drops 




















AIR-PRESSURE RELAY 


below a safe operating point. The contact points are 
protected by an oval glass cover as shown. 

Tt may be stated that the operation of the device is 
such that the aluminum valve will rise and remain closed 
when any pressure over approximately one-half ounce is 
delivered in the air chamber. There is no leakage of 
air by the valve after it has been closed, therefore, it 
can be used on any pressure that may be necessary for 
any number or size of air-blast transformers. This de- 
vice is simple in construction and on this account is suit- 
able for installing on any form of air-blast compartments. 
It can be placed in an inconspicuous position and requires 
no large amount of space. 
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Thermit Is a Mixture of powdered aluminum and magnetic 
oxide of iron (Fe.0,). It is used for welding iron and for 
other purposes requiring the production of intense local 
heat. When the mixture is ignited, the oxide of iron oxidizes 
the aluminum, being itself reduced to free iron. This process 
is accompanied by an intense development of heat, the tem- 
perature rising to about 3,000 deg. C. If it is desired to weld 
the ends of two railroad rails together, they are placed in 
contact with each other and in the position required; then a 
sufficient quantity of thermit is placed around the joint and 
ignited by setting fire to a small heap of the mixture of 
aluminum and barium oxide placed on top of it. The tem- 
perature generated is high enough to partly melt the ends of 
the rails, and by pressing them together a strong welded 
joint is obtained. 
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D Valve with Neither Lap nor Lead—lf the |) slide valve 
of an engine has neither lap nor lead, what should be the 
relative positions of the crank and the eccentric? I. B. G. 


To take steam at the beginning of the stroke of the piston 
the eccentric would need to be at an angle of 90 deg. with 
the crank. 

Right and Left Sides of Cross-Compound EKngine—W hich is 
the right and which the left side of a horizontal cross-com- 
pound engine? J. A, Te 

When the observer stands midway 
facing the middle of the -shaft, the 


between 
eylinder 


the cylinders 
and parts on 


his right are designated the right side and the parts on 
the left the left side of the engine. 

Lighting-Cireuit Control—How may three lamps in a 
group of six be controlled from two three-way switches, 


and the six lamps from a double-pole 
With the scheme of connections 
if the lamps are put on from the 


switch? a. 
shown in the _ sketch, 
double-pole switch they 


GROUP | NO. | 2 | 





GROUP| NO 1 2-Pole Switch 
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WIRING FOR LAMP CONTROL FROM THREE STATIONS 


must be put out from the same point; otherwise the 
in group No. 1 may be controlled from 
way switches. 


lamps 
either of the three- 


Good or Bad Feed Water—How much of scale-forming im- 
purities may be contained in a boiler feed water to be called 
zood or bad? Rg. W. 

The designation depends largely upon what the impurities 
ire. Containing per gallon less than 8 grains of incrusting 
materials like carbonate of lime, carbonate of magnesia, sul- 
phate of lime, or chloride of magnesia, the water would be 
called good; 8 to 15 grains, fair; 15 to 20 grains, poor; 20 to 
30 grains, bad; and 30 to 40 grains, very bad. 


Counterbores for Steam Cylinders of Duplex Pumps—W hy 
are not the steam cylinders of duplex pumps counterbored to 
prevent the pistons from wearing shoulders at the ends of 
the cylinders? D. S. 

In the operation of a duplex steam pump there are no 
fixed positions for the pistons at the ends of the strokes; 
therefore counterboring to prevent wearing of shoulders in 
the cylinders would be of no advantage, as the piston rings 
would not always run over the edges of the counterbores. 





Combined Efficiency of Engine and Generator—W hat per- 
centage of indicated power developed by a 200-kw. direct- 
urrent engine is realized as electrical output? i, ac, 


The percentage of electrical output realized would depend 
on the mechanical efficiency of the engine and the commercial 
ficiency of the generator. Assuming the mechanical efficiency 
f the engine to be 90 per cent. and the commercial efficiency 
if the generator 93 per cent., there would be 0.90 xX 0.93, or 
7 per cent., of the indicated power realized as electrical out- 

it of the generator. 


Firing in Compressed-Air Systems—What causes firing of 
ompressed air? os tt Bh 

‘he compressed air is not inflammable, but when com- 
)ressed by piston compressors it is necessary to use oil for 
)iinder lubrication; and this oil, or the gases from it, forms 


quiries of General Interest 
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with the air a combustible mixture that becomes ignited from 
the high temperature resulting from the work of 
Firing may be due to the use of a cylinder oil of too 
low flash point and in some cases is caused by use of too much 
vil. 


com 
pression, 


Diameter of Boiler 'Tubes—What size of tubes should be 
used in a horizontal return-tubular boiler 72 in. diameter by 
iS ft. long, employing natural draft? _, me oe 


A common rule for the size of tubes, when natural draft is 
used, is to allow 1 in. of nominal or outside tube diameter to 
i ft. of tube length, for burning bituminous 
of nominal diameter of tube to 5 ft. of 
anthracite is used as fuel. 


coal, and 1 in 
tube length when 
Hence with tubes 18 ft. long for 
burning bituminous coal the rule would call for 4% diameter 
tubes; and for use of 3.6- or nominally 


anthracite, 3%-in. 


Compression of Duplex Pump——-How is compression ol- 
tained in a duplex steam pump? ae. oe ee 

Each end of the cylinder is provided with a steam and an 
exhaust passage separately controlled by the steam and ex- 
haust edges of the valve, and the opening of the exhaust 
passage into the cylinder is far enough from the end of the 
cylinder to be piston before completion of 
the stroke. When this occurs, with connections to the steam 
passage closed, and a tight fitting piston, whatever quantity 
of exhaust steam there may be in the cylinder or steam 
passage is compressed by the piston during the remainder of 
the stroke. 





covered by the 


Efficiency of Single-Riveted Lap Joint—What would be the 
efficiency of a single-riveted lap seam, };-in. plate, {}-in. rivet 
holes, 15¢-in. pitch, allowing 55,000 lb. tensile strength of the 
plate and 44,000 lb. shearing strength for the rivets? R. N. 

With a thickness of plate of ; 0.3125 in., pitch of rivets 
15g = 1.625 in., and tensile strength of plate 55,000 Ib. per 
sq.in. of cross-sectional area, the strength of solid plate per 
unit of pitch (P in the 








OD sketch) would be 
| (A) 1.625 x 0.3125 
| - en as 
. -_P } 55,000 27,930 
O | [ “| The strength of the 
~~ —_—}- Eee « 6jvint would depend on 
al } 4 the strength of plate 
— me" ey <b ee ss ‘ . 
. ¢ q Y ¢ o- between the rivets, or 


strength 
of the rivets, or the re- 
sistance which the 
plate offers to the 
O crushing action of the 
rivets. Having rivet 
} holes |) or 0.6875 in. 
‘ SINGLE-RIVETED LAP JOINT and pitch of rivets 
1.625, the square inches 
between rivet holes would 
and per unit of pitch, the 
holes would be 
0.3125 55,000 16,113 Ib. 
The strength of rivets per unit of pitch would depend on 
the shearing strength of one rivet in single shear. Allow- 
ing a shearing strength of 44,000 lb. per sq.in. of cross-sec- 
tional area, as the cross-sectional area of a rivet }} or 0.6875 
in. diameter would be (0.6875 0.6875) x 


0.7854 0.37122 
sq.in., the shearing strength of the rivets per unit of pitch 
would be 


Sieicode the shearing 


t 
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of cross-sectional area of plate 
be (1.625 — 0.6875) x 0.3125; 
strength of plate between rivet 

(B) (1.625 — 0.6875) x 


(C) 44,000 x 0.37122 16,334 

The crushing action of the rivets per unit of pitch would 
come from one rivet; and allowing a crushing strength of 
plate of 95,000 lb. per sq.in., the crushing strength of plate 
in front of one rivet would be 

0.6875 0.3125 95,000 

As the strength of the joint per unit 
pend on (B), the strength of plate 
efficiency of the joint, as 
would be 


20,410 Ib. 

of length would de- 
between rivet holes, the 
compared with the solid plate, 


(B) 16,113 
. or 57.69 per cent, 


(A) 27,930 




















At the invitation of the Ohio Board of Boiler Rules, inspec- 
tors and others interested in the inspection of steam boilers 
to the number of upward of one hundred met at the State 
House, Columbus, to discuss boiler legislation and its admin- 
istration on Thursday and Friday, Aug. 17 and 18. 

The first session was called to order promptly at 10 o’clock 
on Thursday forenoon by J. C. Callery, chief deputy of the 
division of boiler inspection of the Industrial Commission of 
Ohio, who in the course of his introductory remarks read a 
letter from D. M. Metcalf, chief of the boiler inspection depart- 
ment of the Province of Ontario, explaining that his failure 
to be present was due to his attendance upon a meeting of 
the Canadian Society of Civil Engineers, which had under- 
taken to unify the boiler codes of Canada as the American 
Society of Mechanical Engineers was doing for the States, and 
to which he had been elected an honorary member. 

The convention was welcomed by Hon. Wallace D. Yaple, 
chairman of the Industrial Commission of Ohio, who said 
that the invention of the steam engine had had a greater 


influence upon industry and civilization than any other factor, 
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bureaus were in 1913 merged into and madé a 


Industrial Commission of Ohio. 


part of the 


The necessity of boiler inspection is greater today than 
ever before, not because we are not making better boilers, 
but because the workingmen’s compensation act has made 


the employer responsible for accidents, and employers every- 
where are using their best efforts toward safety. The com- 
mission of which Mr. Yaple is the head has the authority to 
adopt, promulgate and enforce rules for safety. Under our 
form of government the method of regulation is a matter for 
each state to consider for itself, but it is a matter of the 
greatest importance that the regulations of the different 
states do not differ in important particulars. He suggested 
that there should be a conference between the authorities of 
various states and municipalities having or contemplating 
such legislation in the interest of uniformity, and it developed 
later that the advisory board to the commission has made the 
initial move toward calling such a conference. 

Governor Frank B. Willis, who was expected to address the 
convention, was unable to be present at the opening session, 








THE OHIO BOARD OF BOILER 


Che products of the farm and mine and forest are procured, 
manufactured and transported by its means. The steam 
enzine and the steam boiler must be operated by men who 
have the necessary technical knowledge. Ohio had recognized 
this and had established bureaus for the inspection of boilers 
and the examination and licensing of engineers, which two 


RULES AND ITS INSPECTORS 


but came in on Friday morning. Hon. H. L. Eliot, member of 
the Industrial Commission, who was also upon the morning’s 
program, was prevented by sickness from attending. 

Hon. Percy Tetlow, organizer for the United Mine Workers 
of America, said that by our methods of mining 40 per cent. 
of the coal was wasted while in Europe 90 per cent. was 
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rescued. The average death rate in the industry in America each joint. While the inspection of boilers rapidly extended, 
is almost 4 per thousand annually while in Europe it ranges it carried with it the handicap of too many standards. Uni- 
from less than 1 in Belgium to 2.04 in Prussia. The difference formity is the crying need of the present. There can be no 


is due to lack of discipline in the mines and lack of enforce- successful inspection code without standardization, because 

ment of legislation. our method of inspecting and our formula for computing the 
H. A. Baumhart, vice-chairman of the Ohio Board of Boiler safe pressure must be the same in every particular. 

Rules, read a paper on the “History and Progress of Boiler The remaining time of the session was devoted to topical 


Legislation.” The Federal Government in 1838 passed an act discussion. J. F. Whiteley, of the Fidelity and Casualty Co., 
formulating rules governing the inspection of steam vessels cited the case of locomotive boilers passed by the Federal 
carrying passengers. In 1852 this law was amended to include inspectors for 150 Ib., but which had been acquired by an 
freight steamers. At the sixth annual meeting of the Board industrial company and under the higher factor of safety of 
of Supervising Inspectors in 1857 a table was presented the Ohio rules would be allowed but 112, which was not 
showing that during the five years’ operation of the law the sufficient to make them serviceable. Mr. Baumhart explained 
number of explosions had been reduced to 7 as against 59 that if the locomotives ran out upon the main lines and thus 
for the preceding five years. This law was fought by boiler came under the supervision of the Federal authorities thes 


owners and engineers, just as attempts at boiler legislation were exempt from inspection by the Industrial Commission 
are opposed today. If not, they would have to submit to the conditions of th: 

One of the first laws affecting stationary boilers was passed Ohio rules. Discussion of means of reducing the clerical 
by Philadelphia in 1868. In 1866 a company was organized work done by inspectors in reporting inspections ensued, and 


for the inspection and insurance of steam boilers. Such inspectors were invited to send in written suggestions. 
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“A BANQUET OF OHIO BOILER INSPECTORS AT SOUTHERN HOTEL, COLUMBUS, AUG. 17 
pection was resented by engineers as a reflection upon On Thursday afternoon Mr. Whiteley gave an entertaining 
emselves, and inspiring address on the “Duties of a Boiler Inspector”, 
At first the inspections were very simple, following tne F. R. Low, editor of “Power,” read a paper on “The Necessits 
marine rule giving a single-riveted joint an efficiency of of Boiler Codes,” and Thomas E. Durban, Chairman of the 
56 per cent. and adding 20 per cent. if the longitudinal seam American Uniform Boiler Law Society, urged “The Advantages 


Wis double riveted. About 20 years ago we began to compute of a Uniform Boiler Inspection Code.” George A. Luck, head 
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of the Massachusetts boiler-inspection department, told of 
recent work in that state, especially with regard to the 
inspection of air and ammonia vessels and ammonia safety 
valves, He emphasized the desirability of uniformity in 
boiler legislation and suggested a conference between the 
various state and other authorities. 

W. GC. Connelly, president of the D. Connelly Boiler Co., of 
(‘leveland, being invited to address the convention, said that 
the American Society Code represented the best work of the 
best uuthorities, codified in consultation with every interest 
affected, and that any conference which produced still another 
code would be a step backward. Topical discussion brought 
out the question whether it was allowable to cut holes in 
builers with the oxyacetylene torch for flanged openings, 
tubes, rivets, ete. The general opinion was that it was not, 
unless a large proportion of the metal around the hole was 
subsequently removed by cutting. A question whether heads 
up to one-half inch in thickness might be flanged cold, as on 
the McCabe machine, brought out the general opinion that 
they should be annealed after such treatment. S. F. Jet?r, 
chief engineer of the Hartford Steam Boiler Inspection and 
Insurance Co., being appealed to, made the laconic reply that 
such cold flanging was ‘tank work,” and Mr. Hannam, of the 
Kelly-Springfield Road Roller Co., said that the flangins 
should be done so as to upset the metal without cracking and 
that he preferred the hydraulic pressure to the spinning 
process. A member called attention to the fact that a crack 
could be concealed in a hand-flanged head where it would 
show in a McCabe head. 

On Thursday evening a banquet was served at the Southern 
Hotel. W. C. Connelly served as toastmaster; Hon. T. J. Duffy, 
member of the Industrial Commission of Ohio, and W. 4. 
Haswell, first chief inspector of boilers for the State of Ohio, 
were the principal speakers. The program was enlivened 
by music and vaudeville. 

On Friday morning Victor T. Noonan, director of safety 
of the Industrial Commission of Ohio, described the efforts of 
the commission to guard the lives of industrial workers 
against the perils of their occupations and their own careless- 
ness. Frank H. Yeager, of the Ohio Board of Boiler Rules, 
spoke from the standpoint of the operating engineer. P. D. 
Converse, legislative representative of the Ohio Brotherhood 
of Threshermen, spoke of the extent and importance of that 
industry and hoped to see threshing boilers brought within 
the scope of the inspection law. Frank E. Brownstead, chief 
examiner of stationary engineers for Ohio, spoke of the work 
of the two departments. Governor Frank B. Willis, who came 
in at this time, warmly praised the work of the boiler inspec- 
tors and evinced a live interest in and knowledge of the 
objects and scope of the meeting. All the speakers touched 
upon the desirability of uniform inspection laws and expressed 
the hope that the movement thus so auspiciously begun might 
be kept alive by further meetings. The session concluded 
with an exhibition of moving pictures illustrating the process 
of pipe manufacture from ore’to finished product, by courtesy 
of the National Tube Co. The success of the conference, which 
bids fair to become an annual event, if not the precursor of 
joint meetings of the inspectors of all the states, is due to 
the efforts of the following committees: 

Convention committee—J. C. Callery (chairman), W. A. 
Drake (treasurer), W. J. Hannam, W. C. Connelly, H. A. 
Baumhart; reception committee—C. J. Murdock (chairman), 
George H. Kittoe, H. V. Neff, F. P. Brownstead, George A. 
Barbee, L. B. Lentz, W. A. Colcord, Oscar Raabe, Walter 
Gerner, Thomas F. Synnett, Thomas R. Archer, R. J. Huddle- 
ston; ladies’ reception committee—Mrs. Dora Weaver (chair- 
man), Mrs. H. A. Baumhart, Mrs. C. J. Murdock, Mrs. C. O. 
Myers, Mrs. J. C. Callery, Mrs. Frank H. Yeager. 
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Census Bureauw’s Summary of 
Electric Industries for 1914 


The summary of the results of the 1914 census of manu- 
factures with respect to the electrical-machinery industry 
has been issued by the Bureau of the Census, Department of 
Commerce, It consists of a statement of the quantities and 
values of the products manufactured The figures are pre- 
liminary and are subject to change and correction. 

Reports were received from 1,121 establishments engaged 
in this industry with products valued at $359,412,676. At the 

ensus of 1909 there were reported 1,151 establishments, with 
produets valued at $240,037,479. Although the total number 
ol establishments reported in 1914 was smaller by 380 than 
in 1909, the number of establishments engaged primarily in 
this industry increased by 21 and the total value of products 
exceeded that in 1909 by $119,375,197, or 49.7 per cent. These 
statistics do not cover porcelain electrical supplies manu- 
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factured by the clay-working industries—valued at $4,130,- 
270 in 1914, as reported by the Geological Survey—nor globes 
and battery jars for electrical use manufactured in glass 
works. 

The output of dynamos, including parts and supplies, in 
1914 was valued at $23,233,437, representing an increase voi 
$6,001,633, or 34.8 per cent., over the corresponding value for 
1909. The 1914 output of motors, including parts and sup- 
plies, was valued at $44,176,235, representing an increase of 
$12,088,753, or 37.7 per cent., over 1909. Motors made in 1914 
for industrial power and for railway use numbered 417,992, 
had an aggregate capacity of 2,882,795 hp., and were valued 
at $32,286,149. The percentages of increase in number, horse- 
power and value as compared with 1909 were 62.5, 19.6, and 
31.2, respectively. 

Other products reported for 1914 were: Light and power 
Switchboards, panel boards, and cutout cabinets, valued at 
$8,989,111, representing an increase of 50.5 per cent. over the 
corresponding value for 1909; batteries, storage and primary, 
and parts and supplies, $23,402,455, an increase of 120.5 per 
cent.; incandescent lamps, $17,350,385, an increase of 10.4 
per cent.; are lamps, searchlights, projectors and focusing 
lamps, $2,823,687, an increase of 6.8 per cent.; telephones, 
telephone switchboards and parts and supplies, $22,815,640, an 
increase of 60 per cent.; telegraph apparatus, including wire- 
less, switchboards, and parts and_ supplies, 2,248,375, an 
increase of 14.9 per cent.; electric heating apparatus, includ- 
ing air heaters, cooking devices, flatirons and welding appa- 


ratus, $4,034,436, an increase of 106.5 per cent.; electric 


measuring instruments, $8,786,506, an increase of 12.6 per cent. 
electrical therapeutic apparatus, $2,653,098, an, increase of 139.5 
per cent.; insulated wires and cables, $69,505,573, an increase 
of 34.6 per cent.; electric conduits, underground and interior, 
$4,874,709, a decrease of 4.4 per cent.; magneto-ignition appa- 
ratus, spark plugs, coils, etc., $22,260,847, an increase of 265.4 
per cent.; electric switches, signals, and attachments, $6,393,- 
551, an increase of 18.9 per cent.; carbons for furnace, light- 
ing, brushes, battery, etc., $3,602,741, an increase of 86.2 per 
cent.; annunciators, $263,806, an increase of 12 per cent.; elec- 
trie clocks and time mechanisms, $410,774, an increase of 16.5 
per cent.; and various other kinds of electric equipment, in- 
cluding sockets, receptacles and bases, some electric lighting 
fixtures, lightning arresters, fuses, circuit fittings and unclassi- 
fied electric machinery, apparatus and supplies, $44,907,658, an 
increase of 56.3 per cent. The last item includes electric loco- 
motives, mine and railway, of which there were reported 900, 
valued at $3,720,914. 

The value of all products not of an electrical character, 
including custom work and repairing, in 1914 was $23,623,244, 
representing an increase of 33 per cent. as compared with 
1909. 

Of the 1,121 establishments reported for 1914, 234 were 
located in New York, 151 in Illinois, 129 in Ohio, 114 in Penn- 
sylvania, 100 in Massachusetts, 83 in New Jersey, 46 in Con- 
necticut, 46 in Indiana, 30 in California, 19 in Missouri, 18 in 
Minnesota, 17 in Rhode Island, 8 in Colorado, 7 in Maryland, 
6 in New Hampshire, 5 in lowa, 4 each in Delaware, North 
Carolina, Tennessee, Washington and West Virginia, 3 in 
Kentucky, 2 each in District of Columbia, Louisiana, Nebraska 
and Vermont, and 1 each in Alabama, Kansas, Oregon, South 
Carolina, Texas and Virginia. 
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Tungsten, a Metallic Element, was discovered in 1781. For 
many years it was considered a waste product, but gradually 
its usefulness became known, and now it is used in almost 
innumerable ways. The discovery that tungsten could be used 
for incandescent-lamp filaments was not made until 1906: 
today, however, a very large percentage of the incandescent 
lamps have tungsten filaments. Probably those not familiar 
with this subject have the idea that the incandescent-lamp 
business creates the greatest demand for this metal. The 
amount used for electric light purposes is a very small pro- 
portion of the total, the steel industry providing the greatest 
demand. What is known as high-speed tool steel contains as 
high as 20 per cent. tungsten. This steel is moderately hard, 
very tough and _ self-hardening. Ductile tungsten can _ be 
drawn into wire 0.0002 in. diameter. It is capable of standing 
high temperatures, melting at about 5,400 deg. F. The metal 
is very heavy, having a specific gravity of 19.12 and being 
about 1.7 times as heavy as lead. Tungsten ore is found in 
various parts of the world; the bulk of the output in the 
United States comes from Colorado and California. 
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When 'T'wo or More Blowolt! Lines discharge into a main, 
always be sure that the blowoff valves and coeks are closed 
on idle boilers in which men are working or likely to work, 
otherwise injury or death may result when line boilers are 
blown down, owing to water and steam backing into the idle 
boiler or boilers. 
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Removing Dust from SmokKe* 


The paper describes a simple apparatus for minimizing 
the dust nuisance from a typical isolated plant, of which there 
are many hundreds in operation in every large city. It con- 
sists mainly of a large settling chamber, which is fitted witi 
a set of baffles so arranged as to extract the maximum amount 
of cinders without creating an undue resistance to the flow 
of the gases. The general scheme of construction is shown 
in the plan and elevation. 

The apparatus has been in successful use for several 
months. The cinders are removed once a week from the hop- 
pers below the settling chamber by means of the bottom 
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cleaning doors shown. The actual amount of cinders ob- 
tained varies greatly with the amount of coal used, as well 
as the percentage of ash contained in the coal. Ordinarily 
about 5 cu.ft. of cinders are removed weekly from the col- 
lector. This does not seem a large amount, but investigation 
will show that this comparatively small amount of cinders 
will become a nuisance. The 5 cu.ft. will cover an area of 
6,000 sq.ft. with cinders 0.01 in. high in one week’s time. 





Ld 


NEW PUBLICATIONS 





qrvinesasenenne 





ENGLISH AND AMERICAN TOOL BUILDERS—By Joseph 
Wickham Roe. Yale University Press, New, Haven, Conn. 
Cloth; 6x9%4 in.; 315 pages; 57 illustrations; indexed. 
Price, $3. 

Reviewed by Dexter S. Kimball* 
The purpose of this book is to show the importance of the 
work and influence of the great builders of machine tools. 

History makes note of a few of the master minds of engi- 

eering, such as Watt and Fulton. But there are other men 

whose names are little known, even in the engineering fra- 
ernity. If there is inspiration in reading of Watt and Fulton, 
there is equal inspiration in reading of the struggles and 
cesses of Maudslay, Nasmyth, Whitney, Brunel, Bramah 
nd Whitworth. 
The development of the machine-tool industry is essentially 
nglish and American. Professor Roe’s book, therefore, 
‘ins with the story of early English tool makers, not 
itting, however, to give due credit to the French and other 
early European inventors and builders who had wrestled 


*Abstract of paper presented by a member before the semi- 
annual July meeting of the American Society of Heating and 
Ventilating Engineers. 

, *Professor of machine design and construction, Sibley Col- 
tefe, Cornell University. 
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with these problems. The author then traces the progress 
of the machine-tool industry in England up to the middle 
of the Nineteenth Century, when the supremacy in the art 
began to pass to the United States. The author's reasons 
for this change are interesting and instructive and offer food 
for reflection. 

The last half of the book is devoted to the stories of 
American inventors and builders, principally in the machine- 
tool industry, but necessarily overlapping other kinds of 
machine production. An interesting chapter, with genealog- 
ical table, shows the profound influence that the old firm of 
Robbins & Lawrence, which was established in the back- 
woods of Vermont in 1838, has had upon this art. An equally 
interesting chapter tells the history of the present firm of 
Brown & Sharpe and of the radiating influence of its founders 
Other chapters deal with the development of the machine- 
tool industry near Philadelphia and in the Middle West. 

The entire book is well written and gives a fairly full 
account of the history of the art of machine-tool making 
without being verbose. It would seem that the book would 
be more complete if some mention had been given of those 
designers who have made contribution to the art, though 
they were not in the business of manufacturing machine 
tools. Thus the work of the late Professor Sweet, which has 
had a great influence on American machine design, is not 
mentioned, nor is the work of John Riddell at the General 
Electric Co. or that of George W. Dickie on the Pacific Coast, 
though both of these latter men have produced some re- 
markable and very large machine tools. 


COST ACCOUNTING, THEORY AND PRACTICE. By J. Lee 
Nicholson, C. P. A. The Ronald Press Co., New York, 1915. 
Cloth; 6x9 in.; 341 pages. Price, $4. 

This number of the Ronald Accounting Series has reached 
its second printing. The author is of J. Lee Nicholson & Co., 
certified public accountants, a specialist in factory costs and 
instructor in cost accounting at Columbia University. The 
announced purpose of the volume is to provide for the public 
accountant and cost accountant a reference book dealing in 
a direct manner with the practical parts of cost accounting, 
to present the principles and methods of cost accounting in 
a simple way, so that the student may be able to grasp them 
quickly, unhampered by dissertations on organization, effi- 
ciency and the importance of cost accounting generally, and 
to furnish the manufacturer with a work containing all the 
important practical points in connection with cost accounting, 
summarized and briefly explained. Power costs are treated 
only incidentally. 


THE CHEMICAL EXAMINATION OF WATER, FUEL, FLUE 

GASES AND LUBRICANTS. 3y S. W. Parr. Published 

by S. W. Parr, Urbana, Ill. Size, 6x9 in.; 130 pages, il- 
lustrated. Price, $1.50. 

The book is a course for engineering students as given in 
the Division of Applied Chemistry at the University of Illi- 
nois, where the author holds that chair. The preface states 
that the work as outlined in the book is the result of ten 
years of effort to make the most of the subjects as the engi- 
neering student must take them up. 

There are two parts to the book. Part 1 is in the nature 
of a synopsis of the lectures given, while Part 2 is devoted 
to laboratory methods. To one whose work makes him ac- 
quainted with the great bulk of literature on the subjects 
covered by the book—literature as represented by books, so- 
ciety papers and technical-press articles—Professor Parr’s 
book appeals because of the absence of considerable use- 
less matter which so burdens the bibliography of the sub- 
jects treated. 

In dealing with coal the author has confined himself to 
Illinois coal, but this was probably the only expedient thing 
to do, inasmuch as laboratory methods are much the same 
everywhere, and because information about the characteristics 
of coals of the United States has been so well treated of in 
Government bulletins. 


INSTRUMENTS FOR RECORDING CARBON DIOXIDE IN 
FLUE GASES. By J. F. Barkley and S. B. Flagg. Bureau 
of Mines, Bulletin 91; 54 pages; 6x9 in. 

Because of the large number of steam-power plants oper- 
ated by the Federal Government and the number of CO, 
recorders used therein, the Bureau of Mines undertook to col- 
lect information regarding the practical application of such 
recorders. Articles published from time to time concerning 
COs. recorders have been mostly descriptive, giving inade- 
quate information as to the results that could be expected 
from the various types of instruments in ordinary practice, 
and most of the tests have been of a laboratory nature. 

Tests of several different types of recorders were made 
under service and laboratory conditions to obtain needed in- 
formation. The purpose of the Bureau of Mines in publishing 
the results is to show the factors that may affect the accuracy 
of a CO, recorder and the manner in which a recorder should 
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be tested. Readers should note that the remarks on different 
recorders apply to the instruments tested and not to later in- 
struments of the same makers. In the course of the tests 
the following details were determined: 
1. The lag of recording changes of 
flowing gas. 
2. The accuracy of each type of recorder. 
3. The variable factors affecting the operation and accu- 
of each type. 
4. The repairs and renewals necessary. 
5. The kind and amount of attention required. 


composition of a 
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W. R. MeCann has been appointed valuation engineer for 
the Illinois State Public Utilities Commission. 
Theodore M. Dame has been appointed general manager of 
3oyertown Electric Co., of Boyertown, Penn. 
D. R. MeNeal, formerly with the Westinghouse Machine Co. 
at East Pittsburgh, is now with Dravo-Doyle at Philadelphia. 


the 


KF. W. Brook, formerly general manager, has been elected 
president of the Detroit United Railway Co., to succeed J. C. 
Hutchins. 

Joseph Bradley Murray has been appointed assistant gen- 
eral manager of the Edison Electric Jlluminating Co., of 
Brooklyn, N. Y. 

Fred A. Robertson, formerly with the engineering staff of 
the Canada Cement Co., is now with the Ontario Hydro-elec- 
tric Power Commission. 

A. H. Myers has resigned as engineer for the William Rus- 
sel Smith Co., of York, Penn., to take a similar position with 
the B. F. Goodrich Co., Akron, Ohio. 

William J. Snyder, formerly with the Foster Engineering 
Co. as its Pittsburgh manager, is now sales manager for the 
Vance-Vatter Co. at Pittsburgh, Penn. 

George T. Snyder, formerly chief engineer of the National 
Tube Co., at McKeesport, Penn., has been transferred to a 
similar position at the Lorain (Ohio) works of the company. 


Louis E. Strothman, manager and chief engineer of the 
Allis-Chalmers Manufacturing Co., Milwaukee, Wis., was re- 
cently elected president of the Engineers’ Society of Mil- 
waukee. : 

W. I. Sturtevant, for some years connected with the Stone 
& Webster Engineering Corporation, of toston, Mass., has 
been appointed general superintendent of the Beaumont (Tex.) 
Light and Power Co. 


G. T. MeFarland, formerly New England district engineer 
of the automobile-equipment division of the Westinghouse 
Electric and Manufacturing Co., is now manager of the Ash- 
well Service Stations, at Hartford, Conn. 


H. B. Clingerman, formerly general superintendent of the 
Mobile (Ala.) Electric Co., has been appointed vice-president 
and general manager of the Northern Idaho & Montana Power 
Co., with headquarters at Tacoma, Wash. 


R. E. Carlson, formerly connected with the industrial sales 
department of the Chicago branch of the Westinghouse Elec- 
tric and Manufacturing Co., has accepted the position of vice- 
president and sales manager of C. A. Hoppin & Co., of Peoria, 
Hl. 


Samuel J. Hoexter has resigned from the mechanical-engi- 
neering faculty of the University of Michigan and from the 
secretaryship of the Michigan Engineers’ Society, to become 
manager of the Engineers’ Society of Pennsylvania, at Phila- 
delphia. 

Cc. EK. Greenwood, who has been connected with the com- 
mercial department of the Edison Electric Illuminating Co., 
of Boston, Mass., and editor of ‘“Kdison Life” for many years, 
has been appointed superintendent of the appliance exchanze 
of the company, succeeding W. Graydon Stetson. 

Burt H. Weston, formerly instructor in mechanical and en- 
vineering drawing and design at the David Rankin, Jr., School 
of Mechanical Trades, St. Louis, Mo., has severed his connec- 
‘tion with the school and has opened an office in Dayton, Ohio, 
where he will conduct the business of consulting and equip- 
ment engineer. 

Edmund J. Henkle, for years connected with the Russian 
and British Westinghouse companies, and more recently as- 
sistant to the president of the International Textbook Co., of 
Scranton, Penn., is now assistant general manager in charge 
of the engineering and sales department of the Thomson Elec- 
trie Welding Co., of Lynn, Mass. 
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The Breaking of the Engine Shaft of a direct-connected 
generator set in the City Hall plant of Louisville, Ky., fortu- 
nately caused only slight damage. The overhanging flywheel 
carried within it the governor; and when the shaft broke, 
near the bearing, the wheel fell to the floor, broke loose from 
the valve rod and rolled against the wall, about six feet away, 
and then fell over on the floor. No one was injured, ahd a 
few minor repairs in addition to a new shaft will make good 
the breakage. There seems to have been a flaw in the shaft, 
so that only about 4 in. of the center (of the 5-in. shaft) was 


good, The engine had been in service about nine years. 


The Bursting of a Flywheel, 36 in. face by 15 ft. diameter, 
partly wrecked the sawmill of the Northland Pine Lumber Co., 
of Minneapolis, Minn. The accident occurred just before the 
crew went to work for the afternoon. The engine was not 
up to full speed at the time, therefore the cause of the acci- 
dent is somewhat mysterious. Fragments of the wheel were 
hurled through the roof, and two workmen were injured. 
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Brownhoist Locomotive Cranes. The Brown Hoisting Ma- 


chinery Co., Cleveland, Ohio. Catalog I. Pp. 64, 6x9 in. L[llus- 
trated. 
Spraco System for Cooling Condensing Water. Spray [¢n- 


gineering Co., 93 Federal St., Boston, Mass. Bulletin No. 201 


Pp. 16, 6x9 in. Illustrated, 
93 Federal 
this 


Vaughan Flow Meter. Spray Engineering Co., 
St., Boston, Mass. Folder illustrating and describing 
instrument, which indicates the flow of liquids in pipes. 


Krause Absorbent Filter. A. E. Krause, 345 Fairmont Ave., 
Jersey City, N. J. Catalog. Pp. 20, 5%x8 in. Illustrated. The 
catalog contains views of installations of the filters for re- 
moving rough as well as emulsified oil. 


Cooling Water for Iee Plants. Spray Engineering Co., 93 
Federal St., Boston, Mass. This is the title of a folder showing 
the spraying method of this company for cooling circulating 
water for ammonia or steam condensers. 


Polyphase Induction Motors. Allis-Chalmers Manufactur- 
ing Co., Milwaukee, Wis. Bulletin No. 1087A. 24 pp.; 8x10™% 
in.; illustrated. Describes the company’s line of polyphase in- 
duction motors and some of their applications. 


Overhead Carrying Devices. New Jersey 
Machine Co., 90 West St., New York, N. Y. Catalog No. 88. 
48 pp.; 6x9 in.; illustrated. Describes the company’s varied 
line of hand and electric cranes, monorails, trolleys, hoists, 
ete. 
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Dean Boiler Tube Cleaner. The William B. Pierce Co., 56 
North Division St., Buffalo, N. Y. Booklet. Pp. 20, 5x7 in 
This booklet, entitled “The Logic of the Dean,” besides de- 
scribing and illustrating the Dean cleaner, discusses the scale 
problem in detail. 


Webster Vacuum System of Steam Heating. Warren Web- 
ster & Co., Camden, N. J. Catalog. Pp. 144, 8x10 in. Besides 
describing the vacuum steam-heating system, the catalog also 
shows other appliances made by this company, including feed 
water heaters, steam separators, steam traps, air-conditioning 
apparatus, etc. 


Iron Cements, Paints, Ete. Smooth-On Manufacturing Co. 
570-574 Communipaw Ave., Jersey City, N. J. Smooth-On In- 
struction Book No. 16. Pp. 144, 4%x6™% in. This book contains 
many new examples and illustrations showing the working of 
the different Smooth-On iron cements and should be of value 
to any engineer. 


Belt Pulleys. This is the title of two booklets issued by 
the American Pulley Co., Philadelphia, Penn. One contains 
report of tests by H. M. Haven and William W. Crosby, engi 
neers and architects, and the other is a reprint of a paper by 
Charles A. Brinley read before the Engineers’ Club of Phila 
delphia. 30th booklets contain tables and curves useful to 
engineers. 


Wetzel Automatic Mechanical Stoker. The Wetzel Mechan 
ical Stoker Co. of New York, Ine., 30 Church St., New York 
Catalog No. 9% Pp. 54, 8x11 in. This catalog contains actus! 
reproductions of blueprints showing detailed construction, alse 
tables of sizes of chimneys with approximate horsepower ol 
boilers and proximate analyses and heating values of Ame! 
ican coals. 


Cireuit-Breaker Installations. The Cutter 
Electrical and Manufacturing Co., Nineteenth and Hamilton 
St., Philadelphia, Penn. Catalog. Cloth; 351 pages; 9x11 in 
This catalog contains approximately 300 illustrations o! 
switechboards and installations of circuit-breakers for the 
protection of electric circuits in a large number of different 
industrial plants. The work contains many usefulfdata tha‘ 
should prove of great interest to those who have problems of 
the above nature to solve. 
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